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parent that the Mississippi Valley is the largest area, geographically 
if not in numbers of population. In this great tract of country be- 
tween the Rockies and the Alleghenies, Surgery will become, to some 
extent at least, the organ of clinical surgery of the Middle West ; and 
yet it will not be local in any respect, but an organ of the world’s 
surgical thought. This journal, brought out by a well-known medical 
publishing house, will receive the ethical supervision which is character- 
istic of American medical journals of the highest class. 

Surgery’ has two editors. Dr. Alton Ochsner, the distinguished 
American surgeon, Head of the Department of Surgery at Tulane Uni- 
versity, New Orleans, has won for himself an international reputa- 
tion. Dr. Owen H. Wangensteen, Professor of Surgery and Head of 
the Department of Surgery of the Medical School of the University 
of Minnesota, has made splendid contributions, not only to clinical 
surgery, but to scientific investigation. 

Associated with Dr. Ochsner and Dr. Wangensteen in Surgery are 
t-wo associate editors. Dr. Alfred Blalock, Associate Professor of 
Surgery at Vanderbilt University, is one of the leaders of surgical 
thought in the South. Dr. William P. Rienliofii, Jr., Associate Profes- 
sor of Surgery at Johns Hopkins Medical School, has made splendid 
contributions to surgical progress, and is a worthy representative of 
the Hopkins school of advanced medical thought. 

In addition to the distinguished editors and associate editors, Sur- 
gery is fortunate in its Advisory Council of nine members, its Edi- 
torial Board of sixteen members, and its Committee on Publications 
of forty members, an extraordinary roster of able and distinguished 
members of the surgical profession of America. 

It is pleasing that the editors of Surgery are representative of the 
southern and the northern extremes of the great Mississippi Valley. 
With expanding traffic on the Mississippi River and its tributaries as 
the result of the growing exchange of commodities by boat and barge 
with Mexico and Central and South America, through the port of 
New Orleans, which is second only to that of New York in shipping, 
the Middle West will be brought increasingly into contact with trop- 
ical diseases of various types, as the Atlantic seaboard and the Pacific 
seaboard already have been exposed to these diseases. We know that 
tropical diseases are being brought farther and farther north as their 
bacterial and insect carriers are becoming acclimatized to the condi- 
tions of the North Temperate Zone. The study of the cause and 
treatment of these diseases must constitute henceforth a part of the 
medical curriculum. Mexico and Central and South America have 
much of scientific value to give to the medical profession of the 
United States. The Latin American surgeons of the earlier d ay were 
trained largely in the French schools, and contributed greatly to the 
advancement of surgery. One who visits the medical schools, clinics, 
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and hospitals of Latin America will be interested and impressed, as I 
have been, by the high character of these physicians and surgeons and 
their contributions to medical and surgical thought. We of the pro- 
fession in the United States will welcome increasing cooperation with 
our learned confreres of Mexico and Central and South America. 

When this war-torn world has settled down again, shall we not 
find that American money, American inventions, and American scien- 
tific instruments of various kinds have added greatly to Europe’s 
ability to provide for herself economically? Japan at the present time 
apparently is master of the Orient. But the countries to the south of 
us are an open field, affording a vast opportunity for mutual useful- 
ness, economically as well as educationally and scientifically. Surgery 
can do much to advance the exchange not only of surgical knowledge 
but also of social and economic thought and practice which may he of 
the greatest reciprocal value. 

The idea of Surgery appeals to my brother, Dr. Charles H. Mayo, 
and me, to our spirit and imagination. We know of the great num- 
bers of young surgeons who will be interested in this venture and will 
profit by it. Speaking for ourselves, when we have written medical 
articles, we have profited more than the readers, because in the prep- 
aration we have been obliged to look up many scientific matters with 
which otherwise we might have been unfamiliar. The new journal 
of surgery will fulfill a useful purpose. It will stimulate the younger 
men to write, and in the writing they, even more than their confreres, 
will gain; above all, it will disseminate scientific surgical knowledge 
which will aid in the care of the sick. 



EDITORIAL ANNOUNCEMENT 

' I 'HE growth of medical knowledge during the time which parallels 
Hie development of the new science of bacteriology has been un- 
precedented in the annals of medical history. The employment of a 
new approach to old problems succeeded overnight in differentiating 
with precise methods what centuries of speculation and plodding effort 
had failed to do. Medical journals multiplied to record the successive 
discoveries and conquests. New and unfamiliar specialties of practice 
sprang into being to assail disease in the interphases between medicine, 
chemistry, and physics. 

The number of recognized specialties in the broad field of medicine 
has become so large as to impose a great task on anyone who should 
attempt to enumerate them all. The problem of relating the gains in 
skill and knowledge of any of these groups to the others lias obviously 
become intricate and difficult. A method which will serve to coordinate 
more intimately these newly gained increments of enlightenment and 
bring their advantages to the practical man of medicine is highly de- 
sirable. 

There can be no longer a sharp distinction between that which is 
medical and that which is surgical. The borders between medicine and 
surgery arc not fixed, but are constantly changing. There is a con- 
tinual striving to find means of treating surgically diseases which are 
refractory to medical management; at the same time an uninterrupted 
search is always in progress for conservative agents which may ade- 
quately replace ‘ satisfactory, but more energetic, operative methods. 
The sole anxiety of surgery is no longer concerned with the treatment 
of wounds. Surgery has emerged from a handicraft to occupy an 
important position in the treatment of disease. Its influence has been 
felt in every branch of medical science and practice. 

Indispensable as the surgeon has become to society and his medical 
confreres, even more dependent, is he upon the life-giving spirit of 
close association with fellow workers in Ihe broad domain of medicine. 
Surgeons are not. long the best company for one another. There is only 
enough sustenance in a purely surgical fare for subsistence ; for growth, 
a free admixture of the vitalizing ingredients of other forces of medicine 
is essential. “Man shall not live by bread alone,” and surgeons can- 
not thrive on the lone products of (heir own efforts. 

In essence, Surgery is an attempt at. integrating more effectually the 
many interpliase activities of the surgeon. The need has become great 
for a more intimate correlation between the increasingly divergent medi- 
cal and surgical specialties. No group can suffer isolation long without 
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revealing unmistakable signs of want. Tlic superiority of the medical 
assembly in which different points of view are brought to bear upon a 
subject of common interest is becoming more generally recognized. Wit- 
ness the developments which have recently occurred in the province of 
thoracic surgery through the fusion of various branches of specialized 
medical knowledge. Obviously, it. is a far simpler task to effect such 
a correlation for one province of surgery: yet, so far as is practicable, 
an endeavor to achieve the same purpose in the wider scope of general 
surgery appears meritorious. A large number of individuals of diverse 
training and interests have lent their talent and willing hands to this 
enterprise to help secure that end. 

The columns of Surgery invite concise papers of new matter relating 
to the broad field of surgery, its specialties and interphases with other 
provinces of medical practice and science. To authors, Surgery will 
aim to assure early publication of original matter; to readers, it will 
strive to bring a digest of what is new and best in surgery and its 
frontiers. 

The importance of the stimulus which splendid surgical journals of 
this and other countries have lent sound practice is inestimable. The 
pages of Surgery will be dedicated to the ideal which they typify — 
the improvement and advance of surgery. 

Alton Ochsncr 


Owen II. Wangensteen 
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THE SURGICAL TREATMENT OP SCLERODERMA 
Rationale of Sympathectomy and Parathyroidectomy 
(Based Upon Experimental Investigations and a Clinical Study of 

26 Personal Cases) 

Rene Leriche, Adolphe Jung, Strasbourg, Prance, 
and Michael De Bakey,* New Orleans, La. 

(From the Surgical Clinic A, Director: Professor llcnc Leriche, Strasbourg, France) 

T ILE ideal and trend of modern surgery may be characterized by 
the continuous search for a more ratiocinative comprehension of 
the less obvious alterations in physiologic functions consequent to the 
more apparent anatomieopathologie processes. This is readily evinced 
by the ever-increasing number of previously considered nonsurgical 
diseases, which in the past decade have entered the widening realms 
of surgical endeavor. A recent characteristic example of this form of 
progress is the considerable attention which scleroderma has received 
from surgeons throughout the world. Until relatively recently this 
disease has been considered a purely dermatologic condition gladly 
relegated to that specialty. 

Scleroderma is the term applied to the syndrome characterized 
by sclerosis, induration, and pigmentation of the Skin which may 
be localized or generalized and frequently associated with asthenia, 
digestive disturbances, arthritis, muscle atrophy, and other symptoms 
depending upon the gravity and degree of involvement. The profound 
and voluminous literature already amassed in a comparatively short 
period of time is clearly indicative of the existing confusion and be- 
wilderment concerning the etiology and pathogenesis of this disease. 
It would be inexpedient as well as inopportune to attempt here a de- 
tailed review of this phase of the subject. Even at the risk of being 
invidious, we prefer to confine this presentation to a discussion of the 
surgical therapeutic considerations as based upon our experimental in- 
vestigations and clinical observations of twenty-six cases. 

There are at present two available procedures in the surgical treat- 
ment. of scleroderma: sympathectomy and parathyroidectomy. Tins m 
itself aptly, if trenchantly, suggests the confusion that exists in the 
etiology and pathogenesis of the condition. Both procedures, however, 
are based upon a rational consideration of certain facts and observations 
which seem to have pathogenic significance. 

•On leave of absence. Department of Surgery, Tulanc University Medical School. 
Xew Orleans, La. 

Received for publication, August 27, 193 G. 
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THEORETIC BASES FOR SURGICAL MEASURES APPLIED TO THE SYMPATHETIC 

APPARATUS 

It has long been observed that there is a certain type of scleroderma 
which in its onset closely resembles a mild or atypical Raynaud’s dis- 
ease. As a matter of fact, in a large number of cases the diagnosis first 
made is Raynaud’s disease, and subsequently the characteristic derma- 
tologic features appear and the diagnosis is then changed to scleroderma. 
Ivaufman 1 states that the symmetrical type of scleroderma, usually con- 
fined to the extremities, often begins with symptoms of Raynaud’s dis- 
ease; and O’Leary and Nomland 2 in a clinical study of 103 cases of 
scleroderma found that there was an antecedent, vasomotor disturbance 
in over one-third. We have noted this same phenomenon in the majority 
of cases which we have observed. 

Aside from the fact, however, that in a large number of cases of 
scleroderma there is a preceding history of vasomotor disturbances 
closely simulating Raynaud’s disease, there arc other facts which lend 
support to this conception of its pathogenesis. Although there has been 
a paucity of necropsy examinations in the study of scleroderma, never- 
theless the histopathologic investigations that have been made show 
definitive changes in the arterioles and capillaries in certain forms of 
seleroderma. Matsui 3 reported detailed examinations of six patients and 
found definite changes not only in the small cutaneous arteries but also 
similar degenerative changes in the lungs, kidneys, and endocrine glands. 
As a result of these studies, he opined that scleroderma was probably a 
manifestation of endocrine dysfunction. Sannicandro 4 also noted these 
pathologic manifestations. Although Brown, O’Leary, and Adson c made 
similar observations in sections of skin studied, they state, however, 
that there was considerably more cellular infiltration botli within and 
around the small cutaneous vessels in those patients with the vasomotor 
type of seleroderma. An endarteritis of the peripheral vessels was also 
reported by Rake 0 in the case which he studied in detail and which was 
of the vasomotor type. 

The interesting observations made by Brown and O’Leary 7 and 
Brown, O’Leary, and Adson 3 are especially noteworthy in this respect. 
In their microscopic studies of the capillaries in the nailfold, they found 
a marked diminution in the number of open capillaries for each unit 
area of skin, with definite disturbances in the flow' of blood through the 
loops. Slight lowering of environmental temperature produced slow- 
ing or even an arrest in the flow of blood, thus reflecting the exaggerated 
tonus of the arterioles. They came to the conclusion that the diminished 
vascularity of the skin in certain forms of seleroderma was due not 
only to the occlusive disease of the smaller vessels but also to the signifi- 
cant factor of sympathetic hypertonia of the arterioles. One of us 8 with 
Fontaine, in 1929, showed by oseillometric studies this characteristic 
vasospastic element in certain forms of seleroderma. The oseillometric 
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THEORETIC BASES FOR SURGICAL MEASURES APPLIED TO THE SYMPATHETIC 

APPARATUS 

It has long been observed that there is a certain type of scleroderma 
which in its onset closely resembles a mild or atypical Raynaud’s dis- 
ease. As a matter of fact, in a large number of cases the diagnosis first 
made is Raynaud's disease, and subsequently the characteristic derma- 
tologic features appear and the diagnosis is then changed to scleroderma. 
ICaufinan 1 states that the symmetrical type of scleroderma, usually con- 
fined to the extremities, often begins with symptoms of Raynaud's dis- 
ease; and O’Leary and Nomlnnd 2 in a clinical study of 303 cases of 
scleroderma found that there was an antecedent vasomotor disturbance 
in over one-third. We have noted this same phenomenon in t he majority 
of cases which wc have observed. 

Aside from the fact, however, that in a large number of eases of 
scleroderma there is a preceding history of vasomotor disturbances 
closely simulating Raynaud’s disease, there are other facts which lend 
support to this conception of its pathogenesis. Alt hough there has been 
a paucity of necropsy examinations in the study of scleroderma, never- 
theless the histopathologic investigations that have been made show 
definitive changes in the arterioles and capillaries in certain forms of 
scleroderma. Matsui 3 reported detailed examinations of six patients and 
found definite changes not. only in the small cutaneous arteries but also 
similar degenerative changes in the lungs, kidneys, and endocrine glands. 
As a result of these studies, he opined that scleroderma was probably a 
manifestation of endocrine dysfunction. Saimicandro 4 also noted these 
pathologic manifestations. Although Brown, O’Leary, and Adson 5 made 
similar observations in sections of skin studied, they state, however, 
that there was considerably more cellular infiltration both within and 
around the small cutaneous vessels in those patients with the vasomotor 
type of scleroderma. An endarteritis of the peripheral vessels was also 
reported by Rake 0 in the case which he studied in detail and which was 
of the vasomotor type. 

The interesting observations made by Brown and O’Leary 7 and 
Brown, O’Leary, and Adson 5 are especially noteworthy in this respect. 
In their microscopic studies of the capillaries in the nailfold, they found 
a marked diminution in the number of open capillaries for each unit 
area of skin, with definite disturbances in the flow of blood through the 
loops. Slight lowering of environmental temperature produced slow- 
ing or even an arrest in the flow of blood, thus reflecting the exaggerated 
tonus of the arterioles. They came to the conclusion that the diminished 
vascularity of the skin in certain forms of scleroderma was due not 
only to the occlusive disease of the smaller vessels but also to the signifi- 
cant factor of sympathetic hypertonia of the arterioles. One of us 8 with 
Fontaine, in 1929, showed by oscillometrie studies this characteristic 
vasospastic element in certain forms of scleroderma. The oscillometrie 
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THEORETIC BASES FOR SURGICAL MEASURES APPLIED TO THE .SYMPATHETIC 

APPARATUS 

It has long been observed that there is a certain type of scleroderma 
which in its onset closely resembles a mild or atypical Raynaud’s dis- 
ease. As a matter of fact, in a large number of cases the diagnosis first 
made is Raynaud's disease, and subsequently the characteristic derma- 
tologic features appear and the diagnosis is then changed to scleroderma. 
Kaufman 1 states that the symmetrical type of scleroderma, usually con- 
fined to the extremities, often begins with symptoms of Raynaud’s dis- 
ease; and O’Leary and Nomland 2 in a clinical study of 103 eases of 
scleroderma found that there was an antecedent vasomotor disturbance 
in over one-third. We have noted this same phenomenon in the majority 
of cases which we have observed. 

Aside from the fact, however, that in a large number of cases of 
scleroderma there is a preceding history of vasomotor disturbances 
closely simulating Raynaud’s disease, there are other facts which lend 
support to this conception of its pathogenesis. Although there lias been 
a paucity of necropsy examinations in the study of scleroderma, never- 
theless the histopathologic investigations that have been made show 
definitive changes in the arterioles and capillaries in certain forms of 
scleroderma. Mntsui 3 reported detailed examinations of six patients and 
found definite changes not. only in the small cutaneous arteries hut also 
similar degenerative changes in the lungs, kidneys, and endocrine glands. 
As a result of these studies, lie opined that scleroderma was probably a 
manifestation of endocrine dysfunction. Sannieandro 4 also noted these 
pathologic manifestations. Although Brown, 0 ’Leary, and Adson 5 made 
similar observations in sections of skin studied, they state, however, 
that there was considerably more cellular infiltration both within and 
around the small cutaneous vessels in those patients with the vasomotor 
type of scleroderma. An endarteritis of the peripheral vessels was also 
reported by Ralce 0 in the case which he studied in detail and which was 
of the vasomotor type. 

The interesting observations made by Brown and O’Leary 7 and 
Brown, O’Leary, and Adson 0 are especially noteworthy in this respect. 
In their microscopic studies of the capillaries in the nailfold, they found 
a marked diminution in the number of open capillaries for each unit 
area of skin, with definite disturbances in the flow of blood through the 
loops. Slight lowering of environmental temperature produced slow- 
ing or even an arrest in the flow of blood, thus reflecting the exaggerated 
tonus of the arterioles. They came to the conclusion that the diminished 
vascularity of the skin in certain forms of scleroderma was due not 
only to the occlusive disease of the smaller vessels but also to the signifi- 
cant factor of sympathetic hypertonia of the arterioles. One of us 8 with 
Fontaine, in 1929, showed by oseillometrie studies this characteristic 
vasospastic element in certain forms of scleroderma. The oseillometrie 
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indices demonstrated very clearly the marked influence of environmental 
temperature, so typical of Raynaud's disease. The observations re- 
ported by Johnson and Hedges” are also of interest in this regard. 
They reported a case of Raynaud’s disease complicated with scleroderma 
and sclerodactylia in which they made circulatory studies with a special 
finger plethysmograph. Their investigations demonstrated that the cir- 
culation was persistently less than normal in the fingers, even in the 
absence of an attack, and that peripheral vasodilation could be induced 
with local heat. 

In recapitulation, the rationale for the conception that the sympa- 
thetic apparatus is of pathogenic significance in certain forms of 
scleroderma, and therefore sympathectomy is indicated as a therapeutic 
procedure, is based upon the following facts and observations: In a 
large number of cases of scleroderma the onset is characterized by vaso- 
motor disturbances which so closely resemble Raynaud’s disease that 
this diagnosis is frequently made. Clinical corroboration of this vaso- 
spastic element is demonstrated by the spontaneous improvement which 
often follows febrile reactions and the transportation of these patients 
to warmer climates. Histopathologic studies clearly reveal definitive 
vascular changes, and the pronounced influence of the environmental 
temperature upon the flow of blood in the skin is confirmatory evidence 
of the pathologic hypertonia of the arterioles. 

CLINICAL CONSIDERATIONS .OF SYMPATHECTOMY 

Because clinical observations indicated that there was a vasospastic 
element in certain forms of scleroderma one of us, 10 in 1922, proposed 
the interruption of sympathetic fibers to the vessels as a therapeutic 
procedure in this form of the disease. The first practical realization of 
this method of treatment was made by Bruning. 11 Oilier reports fol- 
lowed by Enderlen, 12 Horn, 13 Kappis, 14 Stalil, 15 Kment, 15 Lehmann; 1 ' 
Muller, 18 and more recently by Adson, O’Leary, and Brown. 10 As is 
usually the case when a new procedure is quickly adopted before a more 
rational comprehension of the underlying physiologic principles 1S 
developed, the results have been varied and contradictory. Some re- 
ported brilliant results, while others observed complete fiascos. On 
December 5, 1924, one of us with Fontaine 20 performed our first sympa- 
thectomy upon a patient with scleroderma, which resulted in definite 
improvement. Since then we 8 - 21 - 22 have performed others, which arc 
reported elsewhere in detail. AYe present here a brief summary, with 
follow-up reports, of all the cases we have performed up to the present 
time in this clinic. 

Case 1 . — Woman, fifty-six years of age. For thirteen years she had had sja'P 
toms of sclerodactylia and gout. Skin of face and neck was atrophied ; skin o 
hands was thick, indurated, tense, and painful, and there was stiffness of the f 01 ' 11 . 
of the fingers. Various forms of medical treatment had failed. Following bilntern 
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perihuiueral sympathectomy on Deo. 5, 10-1, there was complete relief of pain, the 
skin of tho hands became niort* lloxilile, and mobility of tho joints increased. In 
April, 1925, right cervical sympathectomy and ramisee.tion wore performed on the 
left side. Following this, the skin of the fare and nook became hyperomic and 
more flexible and the condition of the hands continued to improve. l\hen last 
examined, April, 1029, four years after last operation, the skin of the face, neck, 
and hands had maintained the same improvement, but the gout was not influenced. 

Case 2.— Woman, forty-six years old. During the past two years scleroderma of 
the face, neck, and hands had developed, l-'ingcr joints were almost immobile. On 
Hay 5, 1925, left cervical ramisection was performed. Two weeks later tlic same 
procedure was followed on the right side, together with bilateral perilmmeral 
sympathectomy. Following this, the skin of the hands, which had previously been 
cold and cyanotic, became warm and had a more normal color. The skin of the 
face and neck became more flexible and the joints of the fingers were more mobile. 
When reexamined in J93-1, nine years later, the patient appeared completely cured. 
Skin of face, neck, and hands was normal and joints had regained total mobility. 

Case 5. — Woman, fifty-four years old. For the past twenty years she had had 
vasomotor disturbances in the hands and feet, resembling Raynaud's disease. Two 
years previous to admission to the hospital, she noted areas of redness and indura- 
tion of the skin of the left leg and later similar areas on the right leg and upper 
extremities. On examination, sclerodermatous changes were observed on both upper 
and lower extremities with slight involvement of the face. Fight cervical sympathetic 
ramisection was done on June 5, 1925, and on Juno 2-J, left perifcmoral sympathec- 
tomy. Following these operations there was hyperemia, and the skin of the right 
upper and left lower extremities became less tense and indurated, pain disappeared, 
and the joints of the fingers were more mobile. In 1929, four years after operation, 
the patient wrote that she still retained the same degree of improvement. 

Case 4. — Woman, twenty years old. Condition began two years previously, with 
redness and induration of the skin, and arthralgia. On examination, it was observed 
that she had pronounced generalized scleroderma with involvement of almost all tho 
joints. Opening her mouth was extremely difficult, and there was almost complete 
immobilization of the joints of the bands, wrists, and elbows. On June 20, 1928, 
left cervical sympathectomy was performed and five days later the operation was 
repeated on the right side. Ten days later the patient was dismissed from the 
hospital; at that time the skin of the face had shown some improvement and the 
patient could open her mouth much more easily. Six months later the mother 
wrote that there was apparently no amelioration. 

Case 5. — A woman, forty-nine years of age, had marked generalized scleroderma, 
immobilization of nearly all joints, cataracts, and digestive disturbances. She had 
considerable pain in her hands, which were cyanotic and cold. Extirpation of the 
right cervical sympathetic chain on Dee. 7, 1928, gave no improvement. 

Case G. — Woman, fifty-three years of age. Four years previous to admission, she 
began having vasomotor disturbances in her hands, resembling Raynaud's disease. 
Shortly afterward sclerodermatous changes developed which at the time of exam- 
ination involved the face, neck, upper part of chest, hands, and forearms. There 
was some pigmentation on the dorsum of the hands, with partial immobilization 
of the finger joints. Blood calcium was 0.126 (Hirth). Radiographic studies re- 
vealed marked osteoporotic changes in the phalanges, carpal bones, and lower part 
of the radius and ulna. Following resection of the left inferior cervical ganglion on 
Feb. 24, 1933, there was definite improvement in the skin of the left hand and left 
side of the face, with increase in mobility of the fingers on the left hand. After 
resection of the right cervical sympathetic chain on Feb. 16, 1934, there was similar 
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indices demonstrated very clearly the marked influence of environmental 
temperature, so typical of Raynaud’s disease. The observations re- 
ported by Johnson and Hedges 0 arc also of interest in this regard. 
They reported a case of Raynaud's disease complicated with scleroderma 
and sclerodactylia in which they made circulatory studies with a special 
finger plethysmograph. Their investigations demonstrated that the cir- 
culation was persistently less than normal in the fingers, even in the 
absence of an attack, and that peripheral vasodilation could be induced 
with local heat. 

In recapitulation, the rationale for the conception that the sympa- 
thetic apparatus is of pathogenic significance in certain forms of 
scleroderma, and therefore sympathectomy is indicated as a therapeutic 
procedure, is based upon the following facts and observations: In a 
large number of cases of scleroderma the onset is characterized by vaso- 
motor disturbances which so closely resemble Raynaud’s disease that 
this diagnosis is frequently made. Clinical corroboration of this vaso- 
spastic element is demonstrated by the spontaneous improvement which 
often follows febrile reactions and the transportation of these patients 
to warmer climates. Histopathologic studies clearly reveal definitive 
vascular changes, and the pronounced influence of the environmental 
temperature upon the flow of blood in the skin is confirmatory evidence 
of the pathologic hypertonia of the arterioles. 


CLINICAL CONSIDERATIONS . OF SYMPATHECTOMY 


Because clinical observations indicated that there was a vasospastic 
element in certain forms of scleroderma one of us, 10 in 1922, proposed 
the interruption of sympathetic fibers to the vessels as a therapeutic 
procedure in this form of the disease. The first practical realization of 
this method of treatment was made by Briining. 11 Other reports fol- 
lowed by Enderlen, 12 Horn, 13 Kappis,” Stahl, 13 Kment, 10 Lehmann, 17 
Muller, 18 and more recently by Adson, O’Leary, and Brown. 10 As is 
usually the case when a new procedure is quickly adopted before a more 
rational comprehension of the underlying physiologic principles is 
developed, the results have been varied and contradictory. Some re- 
ported brilliant results, while others observed complete fiascos. On 
December 5, 1924, one of us with Fontaine 20 performed our first sympa- 
thectomy upon a patient with scleroderma, which resulted in definite 
improvement. Since then we 8 ' S1 * 22 have performed others, which are 
reported elsewhere in detail. We present here a brief summary, with 
follow-up reports, of all the eases we have performed up to the present 
time in this clinic. 


CASE 1.— -Woman, fifty-six year." of age. For thirteen years she had had symp- 
toms of sclerodactylia and «out. Shin of fane and neek was atrophied; skin of 
. i indurated, tense, and painful, nnd there «•«*. stiffness of the joints 

h “ < S , Various forms of medie.nl treatment had failed. Follmvinc tdlnternl 

of the untiLr. • 
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up to tho tliiglis find in the upper extremities, but more pronounced on the right 
side. Limitation of motion of the shoulder and elbow joints. On Ilcc. 2, 1933, left 
lumbar sympathectomy was performed. Following the operation improvement, was 
such as to justify similar procedure on the right side, which was performed on 
Jan. 2G, 1934. Similar improvement in the shin condition wns noted. On Feb. 12, 
1934, a resection of the right inferior cervical sympathetic, ganglion was followed 
by definite amelioration in the right upper extremity and right side of the face. On 
Match 2, 1934, a similar operation wns performed on the left. side. On Sept. S, 1934, 
the patient was reexamined and marked improvement was still present. 

Case 13. — A woman, thirty-nine years old, had complained for two years of 
vasomotor disturbances in her fingers and toes, resembling atypical Raynaud's dis- 
ease. For the past several months she had also noted sclerodermatous changes 
involving her face, neck, and hands. Following right inferior cervical sympathetic 
ganglioncctomv on July 11, 1934, and a similar procedure on the left side ten days 
later, there was definite improvement on both sides. By Nov. 10 the condition was 
much improved. She was able to return to work ns a piano teacher. Wien it became 
cold, however, she lmd slight vasomotor disturbances. 


COMMENT 

Of the 13 cases in which sympathectomy has been performed there 
was marked improvement in 5, 3S.4 per cent, moderate improvement 
in 4, 30.7 per cent, slight improvement in 1, 7.G per cent, and no im- 
provement in 3, 23 per cent. It may be said in general that approx- 
imately two-thirds of the cases show some degree of improvement, and 
this reflects the general consensus. Mayo and Adson 53 arbitrarily 
divided their cases of scleroderma into three groups, depending upon 
whether the vasomotor phenomena preceded the disease, appeared simul- 
taneously, or developed later. The greatest percentage of improvements 
following sympathectomy was obtained in the first group. They stress 
the importance of selecting those eases of scleroderma which show pro- 
nounced vasospastic phenomena, especially preceding the cutaneous 
manifestations. This is undeniably an important factor, and the best 
results will be obtained in that group of cases which might be termed 
the Raynaud-sclerodcrma syndrome. Even in this form of the disease, 
however, complete failures are not infrequent. One of our cases was 
characteristic of this type of scleroderma and after sympathectomy 
showed no improvement. Even in the others in which there was no 
improvement, vasomotor disturbances were definitely present. In the 
generalized, advanced eases sympathectomy is of little or no avail. 
Those eases most suitable for sympathectomy are the early ones in which 
the cutaneous lesions are not pronounced, in which the joints are not 
severely involved, and in which vasospastic phenomena are a conspicu- 
ous feature. 

THEORETIC AND EXPERIMENTAL BASES FOR PARATHYROIDECTOMY 

That a disturbance in the equilibrium of the sympathetic apparatus 
is not the only factor of pathogenic significance in scleroderma appears 
to be an ineluctable fact. It is obvious that there is a vasospastic ele- 
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improvement on the right side. Mouth could be opened much better. In December, 
1935, examination revealed that the patient continued to show the same degree of 
improvement. 

Case 7.— A woman, fifty-two years old, had suffered for ten years with charac- 
teristic vasomotor disturbances of Baynaud’s disease. Beccntly she began to de- 
velop sclerodermatous changes in her hands. On April 10, 1933, extirpation of the 
right inferior and middlo cervical ganglions was performed. Examination in 
December, 1935, revealed no evidence of scleroderma in the extremities and the pa- 
tient has had no more vasomotor disturbances, but sclerodermatous changes were 
definitely present on the thorax and abdomen. This case clearly demonstrates the 
futility of sympathectomy in the generalized forms. 


Case 8 . — Woman, fifty-one years of age. Four years previously she noted slight 
induration and pigmentation of the skin of. all extremities. Later vasomotor dis- 
turbances developed in her fingers. Examination showed marked generalized 
scleroderma of the face, neck, chest, and extremities, with pigmentation on the 
hands. Finger joints were almost completely immobilized. Wrists were also in- 
volved with considerable pain. The lower extremities were less involved. Badiograms 
revealed osteoporotic changes in the phalanges and carpal bones. On April C, 1933, 
resection of the right inferior and middle cervical ganglions ,was done, but there 
was no improvement immediately after tlio operation. Patient died suddenly on 
April 29, 1931, and autopsy revealed pneumonia and adhesive pericarditis. 

q asb 9 . x woman, forty-three years of age, had complained for three years of 

vasomotor disturbances in the hands, feet, and nose. Sclerodermatous changes began 
two years later, especially marked in the hands, forearms, and face, with less in- 
volvement in the lower extremities, and pigmentation. There was stiffness of the 
wrist and finger joints, and considerable pain. Bight cervical sympathectomy on 
June 14, 1933, caused very little improvement afterward. Examination on Feb. 17, 
1935, showed no improvement. 

Case 10. A woman, forty years of age, had complained for the past nine 

years of vasomotor disturbance in her fingers and toes, resembling Baynaud’s dis- 
ease. Shortly after this began she noted sclerodermatous changes with pigmentation, 
which at present is almost generalized. There was involvement of the joints of 
the upper extremities, with considerable pain. Calcemia 0.100 (Hirth). After 
resection of the right inferior cervical sympathetic ganglion on Sept. S, 1933, there 
was moderate improvement in tho condition of the right upper extremity and both 
lower extremities. In May, 1934, this same degree of amelioration was still present. 


C\se 11— Woman, twenty-eight years of age. For four years she 1ms had 
vasomotor disturbances typical of Baynaud’s disease. For the past two years 
sclerodermatous changes have developed, which at the time of examination wore 
most marked in the face, neck, forearms, and hands, with pigmentation and limita- 
tion of motion in the joints of the fingers, wrist, and elbow. Blood calcium 0.109 
fHirthl On Julv 22, 1933, resection of the right inferior cervical sympathetic 
( ir . ' tc/vp ,1-ivs later, there was definite improvement in the condition 

ofThHkL and mobility of' tho joints on that side. On Aug. 4, 1033 a similar 
norfnrmcil on the left side. An examination. Nov. 9, 19, .1, showed 
raa°rkcd 0, improvement. Pigmentation had disappeared. The skin of the face, neck, 
and ujper extremities was more flexible, warm, and pink. Movement of joints was 
considerably improved, and vasomotor disturbances had disappeared. 

,T- Vf . nrs of age. Four vears Is- fore admission she 

uasf. i- vasomotor disturbances which were not typical of true Bay- 

began to comp . ^ af(fnv!lnl ,-Herodermatous changes developed. On examin.a- 

tion! sc lerod errna " wi 1 1 1 pigmentation was found most marked in the lower extrem.t.es 
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up to tlio thighs and in tlic upper extremities, but more pronounced on the right 
side. Limitation of motion of the shoulder and elborv joints. On I>oc. 2, 10.1.1, left 
lumbar sympathectomy was performed. Following the operation improvement was 
such as to justify similar procedure on the right side, which was performed on 
Jan. 20, 193-1. Similar improvement in the skin condition was noted. On I’eb. 12, 
1934, a resection of tho right inferior cervical sympathetic ganglion was followed 
by definite amelioration in the right upper extremity and right side of the face. On 
Match 2, 1934, a similar operation was performed on the left side. On Sept. S, 1934, 
the patient was reexamined and marked improvement was still present. 

Case 13. — A woman, thirty-nine years old, lmd complained for two years of 
vasomotor disturbances in her fingers and toes, resembling atypical Raynaud's dis- 
ease. For tho past several months she had also noted sclerodermatous changes 
involving her face, neck, and hands. Following right inferior cervical sympathetic 
ganglionectomv on July 11, 1934, and n similar procedure on the loft side ten days 
later, there was definite improvement oil both sides. By Nov. 10 tho condition was 
much improved. She was able to return to work as a piano teacher. When it became 
cold, however, she had slight vasomotor disturbances. 

COMMENT 

Of the 13 cases in which sympathectomy lias been performed there 
was marked improvement in 5, 38.4 per cent, moderate improvement 
in 4, 30.7 per cent, slight improvement in 1, 7.6 per cent, and no im- 
provement in 3, 23 per cent. It may he said in general that approx- 
imately two-thirds of the cases show some degree of improvement, and 
this reflects the general consensus, jtfayo and Adson 23 arbitrarily 
divided their cases of scleroderma into three groups, depending upon 
whether the vasomotor phenomena preceded the disease, appeared simul- 
taneously, or developed later. The greatest percentage of improvements 
following sympathectomy was obtained in the first group. They stress 
the importance of selecting those cases of scleroderma which show pro- 
nounced vasospastic phenomena, especially preceding the cutaneous 
manifestations. This is undeniably an important factor, and the best 
results will he obtained in that group of eases which might be termed 
the Raynaud-scleroderma syndrome. Even in this form of the disease, 
however, complete failures are not infrequent. One of our cases was 
characteristic of this type of scleroderma and after sympathectomy 
showed no improvement. Even in the others in which there was no 
improvement, vasomotor disturbances were definitely present. In the 
generalized, advanced cases sympathectomy is of little or no avail. 
Those cases most suitable for sympathectomy are the early ones in which 
the cutaneous lesions are not pronounced, in which the joints are not 
severely involved, and in which vasospastic phenomena are a conspicu- 
ous feature. 

THEORETIC AND EXPERIMENTAL BASES FOR PARATHYROIDECTOMY ' 

That a disturbance in the equilibrium of the sympathetic apparatus 
is not the only factor of pathogenic significance in scleroderma appears 
to be an ineluctable fact. It is obvious that there is a vasospastic ele- 
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ment, but the true etiology anti pathogenesis remain yet unknown, 
and search must be made in another direction to determine what other 
factors play prominent roles. 

In 1929, Pautrier and Zorn 21 made a signal observation. They found 
a hypercalcemia in all of the 6 eases which they studied. Almost simul- 
taneously Naegeli 25 made similar observations in 20 cases which he had 
studied. Miclion and Bolieme 20 noted an increase in blood calcium in 
48 of 65 eases. One of us with Chinassi Hakki 27 * " s found hyper- 
calcemia in 7 of 10 cases, and up to the present time in 20 cases of 
scleroderma which we have examined, the blood calcium was found 
to be : between 0.100 and 0.115 in 13 cases ; between 0.89 and 0.099 in 
4 cases; and between 0.087 and O.OSS in three eases.* Since then hyper- 
calcemia in scleroderma has been reported by Milian et al., 29 Weissenbach 
et ah, 30 Kennedy, 31 Pernet, 32 and others. On t lie other hand, hyper- 
calcemia is not a constant finding and cases have been observed in 
which the blood calcium was normal or even below normal. In this 


latter group belong the cases cited by Durham, 33 Miclion and Boheme, 20 
and Lereboullet and Belong. 31 Because these investigators have ob- 
served a normal or even subnormal blood calcium in patients with 
scleroderma, they have attempted to show that the hypercalcemia found 
in scleroderma is of little or no significance. We insist on the fact, 
however, that this does not depreciate the significance of hypercalcemia 
in scleroderma. Experimental investigations have shown that in chronic 
hyperparathyroidism the hypercalcemia is only temporary. Jaffc and 
Bodansky 35 have shown that in hyperpara thyroid dogs the blood calcium 
is at first, increased, but after a certain period of time, occasionally 
within three or four months, t he blood calcium drops to normal and 
remains there in spite of the fact that the dogs arc still in a state of 


hyperparathyroidism. We have observed this same phenomenon. In 
chronic hyperparathyroidism the hypercalcemia does not necessarily 
persist, and one is not justified in concluding that, a parathyroid dysfunc- 
tion does not exist in scleroderma simply because normal or subnormal 
blood calcium findings have been observed. Scleroderma should be 
considered not as an acute but rather as a chronic disturbance in para- 
thyroid function, evolving over a long period of time, and when the 
patient is finally observed, the manifestation of hypercalcemia may no 
burner be present. Studies of the urinary calcium have revealed no 
significant changes which do not correspond with the blood findings. 


The investigations which have been made upon the cutaneous changes 
oecurriim in experimental hyperparathyroidism are of considerable ini- 
T,ort ■nice'' and strengthen the theory that the parathyroids play a prom- 
„ent role in seleroderma. In 1932. Sclyc- reported that the inject.on 
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Fig. 1. — Photomicrograph of section of skin of n rut (two weeks old) whicli 
received 4 units of parathormone daily for four days. Hacmalum-erythrosin-saffron 
stain. Note thinning of epidermis and degeneration of corium. (Collagen fibers 
indistinct. Pyknotlc nuclei and sebaceous glands partially destroyed.) 
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of parathormone in young rats, from one to two weeks old, produced 
cutaneous changes which anatomically resembled scleroderma, and in 
1933 Shelling, Asher, and Jackson 37 confirmed these findings. With 
Sureyya 38 we made somewhat similar experimental studies and found 
that the injection of parathormone (Collip) in young rats (one to two 
weeks old) produced: (1) a marked arrest in growth; (2) thickening 
and induration of the skin with pronounced loss of hair; (3) an in- 
crease in the water content of the skin; (4) an increase of the calcium 
content of the skin of from two to three times the normal; (5) on 
histologic examination changes in the skin characterized by destruction 
and scar tissue, infiltration of the dermis with marked calcium deposi- 
tion, and a pronounced atrophj' and exfoliation of the epidermis. (Figs. 
1 and 2.) These changes, however, seem to be transitory, because if 
the examinations are made later than several days after the injections, 
none of these manifestations can be demonstrated. Nevertheless, these 
findings indicate that cutaneous changes, which clinically and his- 
tologically resemble the scleroderma occurring in human beings, can 
be experimentally produced in young rats by the injection of para- 
thyroid extract, and therefore strongly suggest a relationship between 
scleroderma and parathyroid dysfunction. 

In that particular form of scleroderma in which the Thibiergc-Wcis- 
scnbach syndrome is found, calcium concretions frequently occur in the 
skin. We 35 have compared sections of skin taken from normal areas 
and from involved areas on the same patient in the localized form of 
scleroderma. These studies showed a 20 to 30 per cent increase in 
calcium content in the sclerodermatous regions. Koentgenographic 
studies of the skin of these patients also show such differences in density 
as could be accounted for by calcium deposition. 

In the classical examples of hyperparathyroidism the skeletal changes 
arc considered the most characteristic manifestations. It is only logical 
that if scleroderma is to he viewed as a manifestation of hyperparathy- 


roidism, these characteristic skeletal changes should he found in this 
condition as well. In one of our previous publications 39 we called atten- 
tion to the fact that in many cases of scleroderma there is a diffuse de- 
calcification, as revealed by rocntgenographic studies, which is not only 
limited to the spongeous portions of the bones but also involves the 
cortex It is usually more pronounced in the extremities and is fre- 
quent! v localized in the hands and feet, especially the phalanges. Occa- 
siomllv we have observed cases in which the dccalcifieation and rare- 
faction ’was so intense that the osseous structures of one or more 
nlnlaimes could not be distinguished on the roentgenogram (Figs 3 and 
i Tt must not be inferred from this that pronounced skeletal changes 
Z Olwavs found in scleroderma, for we have observed many eases in 
wldel the rocntgenographic studies revealed no osseous mamfestatmns. 
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In some forms of scleroderma, however, characteristic skeletal changes 
are observed, clearly suggesting a disturbance in calcium metabolism 
and adding more prominence to the role played by the parathyroids. 

In recapitulation, the rationale for the conception that the parathy- 
roids (or rather hyperfnnetion of the parathyroids) are of pathogenic 
significance in scleroderma, and therefore parathyroidectomy is in- 



of patient -with generalized scleroderma. Note 
have P disapneare?l h pr .? n0l ?£ ced terminal phalanges that they appear to 

infection m them- ° ly the Ansers were intact, and there was never any 


dicated as a therapeutic procedure, is based upon the following facts 
and observations: Hypercalcemia is frequently found in certain forms 
of scleroderma. Cutaneous changes clinically and histologically re- 
sembling scleroderma have been experimentally produced by injections 
of parathyroid extract. Studies of the skin in certain forms of sclero- 
derma show an abnormal increase of calcium content. Skeletal changes 
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a™ not infrequently encountered in scleroderma, demonstrating a dis- 

In addition t ,T” *»« refl «™S parathyroid dysfunction. 

In addition to this, the pronounced hypotonia and asthenia, freoucntly 

observed in patients with scleroderma, are also suggestive of eaWnm 
metabolic disturbances and hyperparathyroidism. 


Fig. I. — Roentgenogram of tlic humerus, radius, nnd lllmt nt t Jio dhow j„|„t )f 
patient with generalized scleroderma. Tiro partial osteoporosis is emit.. evident ' 



CLINICAL CONSIUKItATIONS OF I'AItATH YltOIIU.FTOM V 

Because these clinical and experimental observations .seemed to 
indicate that in scleroderma there is a definite physiologic disturbance 
in the ealeimn metabolism, sueuestinu a hyperfunetioii of the para- 
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thyroids, it seemed to us that parathyroidectomy was not only justifi- 
able but a logical therapeutic procedure. It was with this basic con- 
sideration that we 40 performed our first operation of parathyroid- 
ectomy in January, 3031. As will be seen irom a resume of this 
observation (Case 21) given below, in spite of the fact that this patient 
had an advanced and generalized form of scleroderma, the operation 
was followed by a remarkable improvement. This encouraging result 
further justified the performance of parathyroidectomy. Several ol 
these cases have been reported in detail elsewhere. 41 However, we 
are presenting a succinct account with follow-up reports of all the 
eases of scleroderma in which this procedure has been performed in 
this clinic. 

It will be observed that the majority of these patients bad a severe, 
generalized, and advanced form of scleroderma. Nevertheless of the 
13 cases 5, 38.4 per cent, showed marked improvement, 7, 53.8 per cent, 
showed moderate improvement, and 3, 7.G per cent, showed no im- 
provement. Thus, of the total series definite improvement, to a greater 
or lesser degree, followed operation in over 90 per cent. 

The one ease showing no improvement deserves some comment 
(Case 15). This' patient had Addison's disease in addition to an 
advanced scleroderma, and immediately following the operation there 
was an undeniable amelioration in the dermatologic manifestations. 
However, the patient lived only two months following the interven- 
tion. She probably succumbed to the Addison syndrome, and strictly 
speaking should not be considered as unimproved following para- 
thyroidectomy. Thus, it can be said that actual improvement followed 
the operation in all of the eases. 

It is a well-established fact that one of the most important ci’iteria 
in the evaluation of a particular procedure is the length of time 
improvement is maintained following its application. In this series 
it will be noted that 6 patients have been observed from approximately 
two to five years after surgical intervention. All of these patients 
have not only maintained the improvement which immediately fol- 
lowed the operation, but have continued to improve. One of these 
(Case 14) was just recently examined, five years after operation, 
and it can be said that she has been completely relieved of all previous 
manifestations of the disease. One other patient (Case 17), when 
last observed two years following operation, also revealed no evidence 
of the previous sclerodermatous condition. 

As will he observed from the cases listed, in several of the patients 
sympathectomy has been combined with parathyroidectomy. In previ- 
ous publications one of us 4 - «• 44 has discussed the indications for 

e combination of these two procedures in scleroderma. It may be 
stated that, in general, sympathectomy should be combined with para- 
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are not infrequently encountered in scleroderma, demonstrating a dis- 
turbance in calcium metabolism and reflecting parathyroid dysfunction. 
In addition to this, the pronounced hypotonia and asthenia, frequently 
observed in patients with scleroderma, are also suggestive of calcium 
metabolic disturbances and hyperparathyroidism. 
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cm NIC A I. CONSIDERATIONS OE I'ARATH VnOIimoT 

M-u.se these clinical and experimental observations seemed to 
; a ‘ te that in scleroderma there is a definite physiologic disturbance 
calcium metabolism, suggesting a hyperfunet.on of tlm pa.n- 
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hospital she seemed considerably improved. She had no more joint pains; her 
temperature, which had previously boon slightly elevated, was normal; her shin was 
much more flexible, and the. linger joints could be moved with ease. Blood calcium 
dropped to 0.0S9. She was seen again in December, 1935, about two and one-hall 
years after operation, and marked improvement was still present. 

Case 17. — A girl, eighteen years old. At the age of thirteen she began to com- 
plain of vasomotor disturbances in her lingers which resembled typical Raynaud’s 
disease. At sixteen she developed sclerodermatous changes, involving her face, neck, 
and shoulders. Her skin was thick, indurated, edematous, and tense. Blood calcium 
was 0.102. On .Tunc 7, 10.12, the right inferior thyroid artery was sectioned bo- 
tween ligatures. Parathyroids were not. found. She seemed much improved im- 
mediately following operation. Her skin returned to normal, and the blood cal- 
cium was 0.089. Patient, when seen again about two years after operation, appeared 
completely cured. 

Case 18. — A woman, fifty-four years of age, lmd had vasomotor disturbances 
typical of Raynaud's disease for ten years. Simultaneously she developed sclero- 
dermatous changes which on examination appeared pronounced and generalized. 
Her face was masklike and devoid of expression. Her mouth could be opened 
only slightly and speaking was very difficult. Hands were typically deformed and 
pigmentation was generalized. She also had digestive disturbances and involvement 
of the joints. Blood calcium was 0.10-1. On Sept. 10, 1031, operation was performed. 
Parathyroids were not found but both inferior thyroid arteries were sectioned be- 
tween ligatures. She showed improvement on the day after operation. Her hands 
and feet were warmer and three weeks later she scorned considerably improved. 
Her mouth could be opened more easily and tbc skin of lier fnce was more flexible. 
On March 21, 1935, resection on both sides of middle cervical sympathetic ganglions 
was done. When last examined in January, 1930, there was very little improvement 
over that previously stated. 

Case 19. — Woman, aged fifty-three years, had complained of vasomotor dis- 
turbances in her hands and feet, resembling atypical Raynaud’s disease, for seven 
years. Almost simultaneously she noticed beginning sclerodermatous changes, which 
on admission were found to bo generalized, with marked pigmentation on the upper 
extremities. Fingers were immobilized in semiflexion. Wrists, shoulder joints, and 
knees were almost completely immobilized. Opening the mouth was very difficult. 
Blood calcium was 0.124. An x-ray film showed marked osteoporotic changes in the 
hands. On Feb. 24, 1933, bilateral lumbar sympathectomy was performed and on 
March 11, 1933, right inferior parathyroidectomy (histologically verified). She was 
last observed in December, 1935. Her condition was much improved. Whereas 
previous to operation she was forced to remain in bed, she is now able to walk and get 
about without difficulty. Pain in the extremities has disappeared and also the pig- 
mentation (except in the lower extremities). Her mouth could be opened with greater 
east, and the skin of her face was more flexible. Also immobility of the fingers 
was less marked. 


Case 20. Homan, forty-one years of age. For twelve years she had complained 
of vasomotor disturbances in her hands, characteristic of Raynaud’s disease.. About 
■the same time she began to develop sclerodermatous changes. On examination 
solero erma was found to he markedly advanced, involving almost the entire body 
with pigmentation and joint involvement. She was in constant pain and in poor 
genera con ition. Blood calcium was 0.076. X-ray examination revealed generalized 
osteoporotic changes, especially marked in the bones of the hands. On Aug 30 1933 

of less I 1 " 3 ' T perf ° rmed ' Follo ' vin S «>is, patient complained 

followed >,v l left leg ‘ Elght lumbar sympathectomy on Sept. 26, 1933, was 
followed by amelioration of the pain in the right leg. Movement of joints of the 
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thyroidectomy in those patients characterized by symmetrical lesions, 
especially of the extremities, and having typical vasomotor disturb- 
ances. 

The technical considerations of parathyroidectomy have been dis- 
cussed in detail bj r one of us 45 in a previous publication. Those who 
have had even the slightest experience with surgery of the para- 
thyroids appreciate fully the technical difficulties that are encountered. 
Not infrequently it is impossible, even with meticulous dissection, to 
find these small glands. Under such circumstances we have found 
that a substitute procedure is the ligation and section of the inferior 
parathyroid arteries. It seems that this procedure, by diminishing the 
blood supply to the glands, suffices. 


Case 14. — Woman, aged sixty years. Site began complaining, at the age of thirty- 
seven, of pain and a' burning sensation in the skin over the right external malleolus. 
Skin in this region was dry, indurated, and had a cyanotic hue. For the past 
eighteen months similar disturbances developed in the left leg, and pain finally be- 
came so intense that she was forced to stop working. On examination advanced 
sclerodermatous changes were found on the legs, especially involving the dorsum of 
the feet, ankles, and the lower half of the legs. Her ankles were almost completely 
immobilized. Blood calcium 0.112. On March 27, 1931, we ligated and sectioned the 
right inferior thyroid artery. On the day following operation the patient seemed 
to be improved. Skin developed a more normal color. Blood calcium on April 1, 
1931, was 0.0S7. When the patient was dismissed from the hospital ten days nfter 
operation, she seemed considerably improved. She had no more pain and could 
move her ankles with ease. When reexamined March IS, 1930, about five years after 
operation, she had no more pain, her skin was almost normal in color and flexibility, 
and tlicro was no limitation in motion of the ankles. She appeared completely 
cured. 


Case 15. — Woman, aged thirty-four years. For three years she had complained 
of vasomotor disturbances in her hands. There were marked sclerodermatous changes 
of the face, neck, forearms, hands, and fingers. The rest of her body was also involved 
to a lesser degree, and the skin over the entire body had a bronzed discoloration similar 
to that in Addison’s disease. She felt extremely fatigued aud complained of constant 
pain in her knee and shoulder joints. Blood calcium 0.113. She had been treated 
for the past three weeks with adrenal extract in an attempt to relieve Addison’s 
syndrome, and this phase of her condition seemed ameliorated, but the scleroderma 
appeared to bo aggravated. On .Tune 3, 1931, the right inferior parathyroid was 
found and removed. (Confirmed by histologic, examination.) A few days following 
the operation she appeared considerably better. She was able to move her fingers 
more easily and no longer complained of pain. Blood calcium on .Tilly 3, 1931, was 
0 0S9 and ’on July 10, 0.090. Two months later the patient returned to the hospital 
and was found to be much worse; she was in such a gravely ill state ns not. to justify 
anv intervention. Phe rapidly became worse and died in throe weeks. Autopsy not 

obtained. 


C\PF. 10 V woman, thirty-two years old, complained of vasomotor disturbances 

1 V n - Ttavnnud ’s disease in her hands and feet since childhood. For three 
rescm m m ^',| PW i 0 pod sclerodermatous changes which, on examination, involved 
years s ‘ ^ (1 , p lou , r half of her legs. Finger joint- were partially in,- 

P 1 -Tired Blood calcium 0.132. On May 2<i, 1932, her right inferior parathyroid was 
mobilize . , , )V histologic examination.) On the day after operation 

dbe-oloration " of the skin disappeared, and when the patient was dismissed from the 
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generalized. The patient \s face was like a mask. His lingers wore stiff ami like 
stone. He complained of marked pain in all joints. lie lmd digestive disturbances 
and diarrhea. On Feb. IS. .1034, blood calcium was 0.095, and on May 20, 1934, it 
was 0.091. Over a three-dav period lie ingested 2.72 grains of enleinm and excreted 
3.55 grams. On Dec. 15, 100-1, the urinary calcium was found to be 0.225 gram 
per liter aud 0.222 gram during twenty-four hours. On May 2S, 1935, the inferior 
parathyroids were removed (histologically confirmed). Blood calcium on dune 4, 
1935, was 0.0S4. Following operation, the skin condition showed considerable improve- 
ment. When seen again in January, 1930, the improvement in the skin was even bet- 
ter, but he still complained of joint pains. 

Cask 25. — A man, fifty-live years of age. Sclerodermatous changes began about 
one year previously. On admission he had advanced scleroderma, involving almost 
the entire body, being especially marked on the face, back, and upper extremities. 
His hands were completely immobilized, with fingers in scmiflcxion. On Oet. 20, 
1935, the blood calcium was 0.080; the urinary calcium was 0.102 per liter, and 0.287 
per twenty-four hours. Calcium determinations of the skin revealed 0.139 gram per 
1,000 grams (fresh), and 0.503 (ashes). On Nov. 29, 1935, both inferior para- 
thyroids were removed (histologically confirmed). There was marked improvement 
following operation. To increase the improvement in the upper extremities resection 
of the inferior cervical sympathetic ganglions was performed on the left, and right 
sides, Bee. 12 and 28, 1935, respectively. On dismissal from the hospital .Tnn. 9, 1930, 
the patient showed definite improvement in general. The skin was much more flexible 
and finger joints showed greater amplitude of motion. Blood calcium on Dec. 5, 1935, 
was 0.082. Calcium determinations of the skin were 0.199 gram (fresh) and 0.4G5 
gram (ashes) ; water content 57.2 per cent. Similar determinations of the muscles 
gave 0.123 gram (fresh) and 0.491 gram (ashes). 

Case 20. — A woman, forty-three years old, had, for three years, complained of 
vasomotor disturbances in the fingers, similar to Raynaud's disease. Shortly after 
this she began to develop sclerodermatous changes, which upon admission were found 
to be generalized, being especially pronounced on the face, neck, and hands. With 
onset of scleroderma she began losing teeth which had previously been in good con- 
dition. She also complained of digestive disturbances and alternating constipation 
and diarrhea. X-ray examination revealed marked dccalcifieation in the bones of the 
hands. Blood calcium was O.OSO; urinary calcium was 0.088 gram per liter and 0.05S 
gram per twenty-four hours. Calcium determinations of the skin showed : 0.145 gram 
(fresh) and 0.412 gram (ashes). Water content G4.7 per cent. On Feb. 10, 193G, two 
inferior parathyroids were removed (histologically confirmed) and right cervical sym- 
pathectomy was performed, and on Feb. 27, 1930, she had a left cervical sympathec- 
tomy. Following operation, there was moderate improvement in the condition of the 
skin, especially in the face, neck, and tliorax, hut no improvement in the condition of 
the joints. Blood calcium 0.084. Patient was last examined April 3, 193G, at which 
time the finger joints were more mobile and the skin condition in general was much 
improved. 

SUMMARY 

1. The etiology and pathogenesis of scleroderma remain yet un- 
known and np to the present time nonsurgical treatment has been 
of little or no avail. 

2. The rationale for the conception that the sympathetic apparatus 
is of pathogenic significance in certain forms of scleroderma and, 
therefore, sympathectomy is indicated as a therapeutic procedure, is 
discussed in detail. In this so-called Raynaud-scleroderma type of 
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legs was definitely improved. Right inferior cervical ganglionectomy on Feb. 2G, 
1934, was followed by similar improvement in the right upper extremity. April 24, 
1934, a similar operation was performed on the left side. Oct. 1 , 1934, two inferior 
parathyroids were removed (confirmed histologically). Three weeks later patient 
showed marked improvement in general. Pigmentation disappeared and she no 
longer complained of joint pains. She was able to move her joints to greater 
amplitude and more easily. The skin was much more flexible and her mouth could 
be opened easily. Although bedridden previous to operation, she is now able to get 
about easily and has gained weight. 


Case 21. — Woman, fifty-seven years of age. For the past twelve years she 1ms 
complained of vasomotor disturbances resembling typical Raynaud’s disease. About 
the same time she developed sclerodermatous changes which at the time of admission 
were very advanced and especially marked over the face, neck, hands, and feet. 
Fingers were completely immobilized in semiflexion. Blood calcium was 0.110. Jan. 
15, 1931, left cervical sympathectomy was performed together with section between 
ligatures of the left inferior thyroid artery. There was considerable amelioration in 
the left upper extremity following this operation. On .Tan. 23, 1931, resection of the 
Tight inferior cervical ganglion and removal of the right inferior parathyroid 
(histologically confirmed) were performed. Blood calcium on .Tan. 2G, 1931, was 
0.0S2. Following operation, the patient showed similar improvement on the right side. 
Her skin began to have a more normal appearance nnd that on the face and neck be- 
came more flexible; she was also able to move her fingers with greater ease. She had 
no more pain except to a slight extent in her feet and legs. On Fob. 10 , 1931, we 
performed a bilateral periarterial sympathectomy of the external iliacs. On dis- 
missal from the hospital she had no more pain. AYhen last heard from in April, 1931, 
the patient was still considerably improved. 


Case 22. — Woman, thirty-four years old. At nineteen years of age she began 
having vasomotor disturbances typical of Raynaud ’a disease. No long nfterward she 
developed sclerodermatous changes involving the face, neck, nnd hands. Blood 
calcium was 0.115. On Sept. 17, 1931, resection of the right inferior cervical sympa- 
thetic ganglion was performed, followed on Sept. 20 by left cervical sympathectomy 
nnd removal of the left inferior parathyroid gland (histologically confirmed). Fol- 
lowing operation the patient showed marked improvement. Blood calcium dropped 
to 0.090. When examined again in .Tune, 1932, the skin on the face and neck had 
returned to normal, and that, on the hands was much improved but there was still 
some evanosis in the hands. On June 22, 1932, bilateral perihumcrnl sympathectomy 
was performed and following this, the hands became warm and pink. Last observed 
Tulv 18 1935, almost four years after operation. Skin of face and neck appeared 
normal. Mouth could be opened normally. Previous improvement was maintained. 


Case 23. A woman, twenty-seven years of age, began to notice sclerodermatous 

changes one year previously, with some vasomotor disturbances in the hands, 
scleroderma was especially marked on the face, neck, hands, nnd forearms. Her 
mouth could be opened only with difficulty, and movement of fingers was very lim- 
"led There was slight involvement over the ankles. Blood calcium was 0.110. On 
v'V It 1931 the left inferior parathyroid was removed (histologically confirmed). 

’ucemed much improved, skin appeared more flexible, and pain in the legs 
it disappeared Blood calcium dropped to 0.09-1. On Nov. 20. 1931. resection of 
r right inferior cervical sympathetic ganglion was performed. Patient was seen 
1110 . n .. jp-o :in ,i showed marked improvement. She had no more pain, her 

"wnVas more flexible with more normal hue, ami her fingers had regained complete 

mobility. r 

r ‘ 04 Man, fortv-two years old. Sclerodermatous changes developed ,n past 

r . ,, f Y„ time of admission scleroderma was very pronounced nnd 

vear nnd n half. At toe 
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syndrome histopathologic studies reveal definite vascular changes 
and clinical investigations show evidence of pathologic hypertonus 
of the arterioles. 

3. Resumes of 13 cases of scleroderma in which we have performed 
sympathectomy are presented. Improvement to a greater or less 
degree followed operation in approximately two-thirds of the cases. 
One is forced to the conclusion that a disturbance in the equilibrium 
of the sympathetic apparatus is not the only or even the most signifi- 
cant factor in the pathogenesis of scleroderma. 

4. The rationale for the conception that a chronic hyperfunction 
of the parathyroids is of pathogenic significance and, therefore, para- 
thyroidectomy is indicated as a therapeutic procedure, is discussed 
in detail. Clinical and experimental investigations clearly demon- 
strate a definite disturbance in calcium metabolism, thus reflecting 
exaggerated physiologic function of the parathyroids. 

5. Resumes of 13 cases of scleroderma in which we have performed 
parathyroidectomy are presented. On several of these patients sym- 
pathectomy was also performed. Improvement to a greater or less 
degree followed operation in over 90 per cent of the cases. Two of 
the patients, examined two and five years respectively after operation, 
could bo considered as cured. All of the patients had rather severe 
and generalized forms of scleroderma. Only one patient was con- 
sidered to have shown no improvement, although amelioration was 
observed immediately after operation, but the patient died two months 
later of the complicating Addison’s disease. 

6. In our experience parathyroidectomy is the procedure of choice 
in the treatment of scleroderma. It is unjustifiable to state definitely 
that scleroderma is caused by hyperparathyroidism. But clinical and 
experimental evidence supports the view that a chronic hyperpara- 
thyroidism does exist in scleroderma, and parathyroidectomy seems 
to ameliorate the condition. Sympathectomy may be combined with 
parathyroidectomy in those patients characterized by symmetrical 
lesions, especially of the extremities, and in those having typical 
vasomotor disturbances. 
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TIIE SPHINCTER OP ODDI IN MAN AND CERTAIN 
REPRESENTATIVE MAMMALS* 


Edward A. Boydex, Pii.D. (Med.Sc.), Mixxeapous, Mixn. 

( From the Institute of Anatomy, University of Minnesota] ) 

N OTWITHSTANDING the mixed aura of credulity and suspicion 
that surrounds what one surgical text has called “the rather 
mythical sphincter of Oddi,” the experimental work of the last twenty- 
five years points unmistakably to the existence of an intrinsic mus- 
culature which under certain morbid conditions can produce biliary 
stasis. Although, at first, attention was focused upon the reaction of 
this muscle to cholecystectomy , 1 ' r ' in recent years greater emphasis has 
been placed upon its dysfunction in the presence of an intact gallblad- 
der — upon a dyskinesia of the biliary tract that may induce gallbladder 
distress or colic even in the absence of calculi or of inflammation. 0 ' 10 

In view of these extensive studies, why is it that skepticism still 
exists regarding the sphincter of Oddi? The answer is twofold. In 
the first place it has been exceedingly difficult to separate its action 
from that of the duodenal muscle which surrounds it — a feat that has 
been rarely accomplished, experimentally. Second, on account of the 
small size, position, and complexity of the sphincter, it has been equally 
hard to demonstrate its independence, histologically. Even Nuboer, 4 
who has provided the only graded series of sections through the adult 
human sphincter, has confused intestinal tunics with the musculus 
proprius of the bile duct. Nor has such an imaginative diagram as 
that found in Cunningham’s Anatomy (Pig. 915, 1928) made it any 
easier to comprehend. The matter has been still further complicated 
by the most amazing species differences — that factor which so long 
retarded our understanding of the functions of the gallbladder. 

Believing, therefore, that some simpler anatomic approach to the 
problem was needed, the writer, some time ago, started a series of com- 
parative studies on the embryologie development of the choledochal 
musculature, of which this paper represents a preliminary account. 


DEFINITION OF THE SPHINCTER OF ODDI 


According to Francis Glisson (1654), who first observed this “lock- 
ing mechanism, the sphincter consists of “ringlike fibers which oc- 
eupy n ot only the opening [of the bile duct] itself but also the whole 
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of individuals have an ampulla 2 nun. or less in length— a fact winch 
has led these authors to conclude that regurgitation of bile into the 
pancreatic duct must he of rare occurrence. 

In the dog, 21 there is no ampulla, since even in the embryo the ducts 
open separately into the duodenum. 

These illustrations suffice, perhaps, to show what varied conditions 
exist in one class of vertebrates and how diffei'cnt the sphincter must 
be in the four species. For convenience, the muscle will now be de- 
scribed, regionally. 

THE AIUSCUEUS PROPRIUS AMPUEDAE 

In the opossum, the ampulla of Voter and its duct are clothed with 
a thick, double layer of smooth muscle (consisting of an outer circular 
and an inner longitudinal coat), which starts well above the junction 



Fig. — Posterior views of the pars inlestinalis of the common bile duct in four 
mammalian species, based upon unpublished reconstructions of fetal stages. Heavy 
black lines : tunica muscularis of duodenum ; transverse lines : circular fibers of 
musculus proprius of ducts and ampulla. (Orientation same as in Pig. 149b, Braus’ 
Anat. d. Menschen, Vol. II, 1924.) 

of the lumina of bile and pancreatic ducts aud continues through the 
intestinal wall to a zone near the orifice of the ampullary duct. Its 
most striking and significant feature, as brought out by DuBois and 
Hunt, 15 is the complete separation of its musculature from that of the 
duodenal wall throughout its intramural course. ‘Wherever the two 
muscle layers approach each other a connective tissue layer intervenes. 
Even in the new embryonic preparations of these authors (which I 
have had the privilege of examining in advance of publication) the 
margins of the aperture in the intestinal muscle through which the 
ampulla passes, make little if any contribution to tbe sphincter of 
Oddi; i.e., embryonic and adult patterns are essentially alike. One 
cannot overestimate tlie importance of these observations. They show 
that in a primitive mammal the biliary musculature is independent of 
that of the intestine. Physiologically, the ampulla and its duct seem 
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oblique tract [through tlie intestinal wall].”* So also to Oddi 12 it is 
‘‘a more or less pronounced bed of circular fibers encircling the 
choledochal canal — which one is able to consider as almost completely 
independent, if one excepts some slender loops which lose themselves 
between the fibers proper of the intestine.” Incidentally, Oddi's name 
has been applied to it not because he was the first to examine it mi- 
croscopically — that distinction belongs to the American anatomist 
Simon H. Gage 13 — but because he demonstrated it in a variety of ani- 
mals and because he was the first to measure its resistance, to show 
that removal of the gallbladder caused marked dilatation of the bile 
ducts, and to postulate that dysfunction of this occluding apparatus 
might explain certain morbid affections of the biliary tract. With the 
more complete information non r at our disposal it has come to be 
realized that the longitudinal fibers of the sphincter may be as impor- 
tant as the circular fibers — at least, in some species — hence the concept 
that the sphincter of Oddi is an ejaculating as well as an occluding 
mechanism. 0, 14 It is necessary, therefore, to define it as the entire 
musculus proprius of the terminal portion of the bile channel and of 
the associated pancreatic duct (of Wirsung), if the latter is present. 


THE RETROGRESSION OP THE AMPULLA 


Fig. 1 presents a group of diagrams showing how certain mammals 
may be arranged in a series to illustrate the progressive involution of 
the ampulla of Vater. 

In the opossum, according to DuBois and Hunt, 10 the terminal ap- 
paratus consists of a duct of the ampulla (D. amp.), coursing obliquely 
through the intestinal wall, of an ampulla itself (Amp.), which lies 
wholly outside the intestine, and of such distal portions of the two 
ducts as arc enclosed in a common musculature. 

In the guinea pig, 10, 17 most of the ampulla has been taken into the 
intestinal wall, but it lies superficially, bulging out at the level of the 
intestinal muscle (Figs. 1-4). Its duet empties at right angles to the 
ampulla (Fig. 2). The duct of Wirsung, which by analogy with other 
rodents should join the bile duct outside the intestinal wall, never 
appears at any stage. WestplmF compared the ampulla to the pyloric 
antrum of the stomach because it undergoes peristalsis. His other 
name for it (portio duodeualis), however, is misleading, for the papil- 
lary portion is also duodenal. 

In man 19 the confluence of bile and pancreatic ducts starts ont- 
•• 1 the intestine but in the course of development, the zone of junction 
becomes drawn into the wall so that in most adults the ampulla is a 
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when the musculus proprius develops, il blends with the intestinal 
tunics (cf. Figs. 2-4). Undoubtedly, also, its presence there, from the 
beginning, has modified the growth of the intestinal innsclc. r lhis 
blending of layers, however, does not occur in such animals as the cat 
where the ampulla lies in the submueosa and pancreatic and bile duets 
occupy the level of the window. In such species the intestinal muscle 
may enter into complicated relationship with the two ducts, but the 
musculus proprius can be differentiated as a separate layer. The 
guinea pig, therefore, presents the most intimate union between biliary 
and intestinal musculature. 



Fig-. 3. — Photomicrograph of the same duodenum as that shown in Fig:. 2, seven 
sections lower down (X90). Note sphincter around common bile duct (Sph. chol.) 
ana tangential section of sphincter around the duct of the ampulla (Sph. pap. > , The 
embryo is too young for the layers of muscle around the ampulla to be fully dif- 
ferentiated but longitudinal fibers can be seen leaving the mucosal side of the trans- 
versely cut intestinal muscle layer ( T . muse.). (Cf. Fig. l, guinea pig.) 

Nevertheless, Higgins 1 ® has noted that, while peristalsis of the duo- 
denum may affect the ampulla, active pulsations of the pouch can he 
observed in the absence of intestinal peristalsis. Furthermore, DuBois 
and Kistler 24 have shown that faradic stimulation of the antrum in- 
duces marked contraction of the gallbladder and that this effect dis- 
appears when the bile duct is severed; from these facts they infer the 
existence of a direct nervous pathway from ampulla to gallbladder. 
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to be primarily a mechanism for ejaculating bile through the intestinal 
Avail (see authors’ description of peristaltic waves 13, - 2 ) since the gall- 
bladder has a weak musculature and an extremely narrow outlet, into 
the cystic duct.* 

In the guinea pig the intrinsic muscle of the ampulla (or antrum) 
is so blended with the circular muscle of the intestine that in the adult 
the two layers cannot be differentiated except at the edges or at the 
two ends of the ampulla. The probable explanation for this is that in 
the embryo the antrum remains at the level of the intestinal muscu- 
lature, lying athwart the window in the tunica muscularis, so that 



|,-| L . '1 |.o\v power photoiiilcroRinph of the first p:irt <>r the duodenum in n 42 min. 

. *■*«_ ...... < v!?7l Mot** pumnion blip .Itirf (li /•/.„> a In .1. 



of 'an intestin t :ll l> iu‘. , nVii Is'i, ,'imieh slower pruyss in tie; Kulnen j.lc than hTtli'chwiinn 
embryo. For lower level* 


In the steelmen, FIcm. 



tiio Intramural coni tllf . dilution n* to wh*tb*r ril .. I(tI| 

of t\io cllK’t. I 'won!*! r’l‘!v th'it very liUriy UiN purely JiHHry rnil.*We r»p- 

of 1 ,urr*-r>ntittfon of t hr -*pMm t-r nrn! tint Dr. Illtfirln** 

regents tti»* m i llo- fir^t rhr<* *'> tie* ph\ lour origin «>f « 

important observation* n r(- „ t nnif-’n* itlon f*»r !**<« „f in tip- »»Pj*r 

*.tnteture whfeh mn\ ■* * 

of the biliary trnet. 






HOYDEN : THE Sl’lIlNCTElt OE 01)D1 


29 


when the musculus proprius develops, it blcmls with tlte intestinal 
tunics (ef. Figs. 2-4). Undoubtedly, also, its presence there, from the 
beginning, has modified the growth of the intestinal muscle. This 
blending of layers, however, does not occur in such animals as the cat 
where the ampulla lies in the sulmutcosa and pancreatic and bile duets 
occupy the level of the window. In such species the intestinal muscle 
may enter into complicated relationship with the two ducts, hut the 
musculus proprius can be differentiated as a separate layer. The 
guinea pig, therefore, presents the most intimate union hoi ween biliary 
and intestinal musculature. 
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Nevertheless, Higgins™ has noted that while peristalsis of the duo- 
denum may affect the ampulla, active pulsations of the pouch can be 
observed m the absence of intestinal peristalsis. Furthermore, DuBois 
and Kistlei have shown that faradic stimulation of the antrum in- 
duces marked contraction of the gallbladder and that this effect dis- 
appears w lien the brie duet is severed; from these facts tlrev infer the 
existence of a ctoec nervous p , tllway ampi „ la to 
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Finally, mention must be made of tlie musculus proprius of tbe duct 
of the ampulla to which "Westplial 0 has given the name sphincter 
papillae (cf. Figs. 1 and 3). He compares this to the pyloric sphincter 
and likens the ampulla to the pyloric antrum of the stomach, finding 
that the two sphincters are excited by the sympathetic system and 
that the two antra are caused to undergo peristalsis or even spastic 
contraction, by the vagus nerve. 

In man, the muscle of the ampulla is a relativelj- weak layer, some 
distance removed from the intestinal window, and consists of lateral 



vi c .) photomicrograph of the some duodenum twenty sections below the 

Shown In FIc. 3 ( XOO). This shows the ampulla cut obliquely lengthwise and 
from the Intestinal wall into the mesentery, below the level at which 
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the level 
b ulp- 
it has 


mndles of longitudinal fibers overlying an inner circular layer (Fig. 
i) No differentiation of this sheath into ampiillarv zone and sphincter 
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•oliiplete enough to provide a mechanism Tor peristalsis. It. is lie- 
’ -cd therefore that the longitudinal fibers act in shortening the 
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In the dog, there is no ampulla of Vatcr and therefore no musculus 
proprius ampullae, unless the few delicate terminal rings that encircle 
both bile and pancreatic ducts just beiorc they empty into the duo- 
denum (Figs. 1 and 6) may he considered as such. 

THE SPHINCTER CHOLEDOCH US 

In the opossum, the hilc and pancreatic duets, throughout the zone 
in which they run parallel to each other, are enveloped by a common 
sheath of intrinsic muscle which consists of well-developed outer cir- 
cular and inner longitudinal layers (Fig. 1). This sheath is an upward 
extension of the ampullary musculature. In addition, the bile duct 
itself, above the point where it comes in contact with the pancreatic 
duet, has a double sheath for a short distance — the musculus proprius 
ductus choledochi. Its thin, outer, circular layer might he called a 
potential sphincter eholedoclras, since increase in tone would compress 
this segment of the duct, hut DuBois and Hunt have never seen it 
contract independently of peristalsis. 

In the guinea pig, however, there is a most powerful sphincter at 
this point. It has been observed in the living both by Higgins 10 and 
by Burget and Brocldehurst. 17 As peristaltic waves pass down over 
the bile duct onto the antrum, this sphincter contracts to prevent 
regurgitation of bile toward the liver. 

In man there is a corresponding musculus proprius of the bile duct 
which begins just outside the intestinal window and extends to the 
ampulla (Fig. 1). Circular fibers predominate throughout, and these 
reach their greatest thickness near the ampulla. They are the “ IB ” 
and upper “S” fibers of Hendrickson. 25 This zone Dr. Schwegler and 
I have named the sphincter cholcdochus, and we consider it the most 
important part of the human sphincter of Oddi. A transverse section 
of it, in a seven months’ fetus, is shown in Fig. 5. Our embryologic 
studies indicate that it is entirety independent of the intestinal mus- 
culature, arising in situ from mesenchyma, like the musculus proprius 
of the ureter. Apparently it is the only zone capable of retaining the 
column of bile. Its importance lias also been stressed by Matsuno, 20 
who considered this band thick enough to produce biliary stasis. In- 
cidentally, Nuboer 4 has published sections showing the hypertrophy 
of this zone in an eightv-three-year-old patient in whom the gallbladder 
had been sidetracked by cholelithiasis. On the physiologic side Ivy, 
Voegtlin, and Greengard 27 have provided striking evidence that the col- 
umn of bile can be held in the presence of an abundant flow of pancreatic 
juice. Having injected a human subject intravenously with 300 dog 
doses of secretion and 10 dog doses of choleeystokinin, they aspirated 
162.5 c.c. of pancreatic fluid in forty-nine minutes. But this flow was 
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accompanied by typical gallbladder distress, which increased steadily 
until the pain was unbearable. At the end of forty-nine minutes a 
concentrated solution of magnesium sulphate was given by tube. In 
two minutes the distress disappeared and in seven minutes typical gall- 
bladder bile was aspirated, showing that the salt had relaxed the 
sphincter that was holding the column of bile while the pancreatic 
juice was flowing. 

In the dog - 1 almost the entire intramural course of the bile duet is 
encircled by scattered loops of intrinsic muscle. The lowest of these 
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intramural portion o £ tlic bile duct, the pressure fell in steps, and the 
distal zone bulged before the orifice opened, thus implying muscular 
compression near the end of the duct. 

THE SPHINCTER PAXCREATICUS 


This is the least developed of all the intrinsic musculature under 
discussion. In the opossum it, is barely suggested by tenuous strands 
(not shown in Pig. 1), which partially encircle the pancreatic duct in 



Fig. 6. — Photomicrograph of lower third of intramural course of bile duct in a 
newborn puppy, cut almost longitudinally (X37). In this section the lower loops 
of the sphincter choledochus (Fig. 1, dog) are cut transversely, and their margins 
have been outlined in white, since unfortunately the azocarmine stain which separates 
muscle from connective tissue so clearly does not photograph well. The lowest of 
these loops around the bile duct is the subterminal ring (Ann. sttbt.). Still nearer 
the lumen of the intestine and surrounding the orifices of both the duct of Wirsung 
(Ost. d. pane.) and the bile duct ( Ost . d. chol .) is a vestige of the sphincter ampullae 
(SpH. amp,)’ *, portion of intrinsic muscle common to both the pancreatic and the 
subterminal sphincter (Fig. 1, dog) ; **, point at which the pancreatic duct will 
penetrate the circular muscle layer of the duodenum. 

tlie region where the bile and pancreatic ducts first approach each 
other. Obviously, compression of the pancreatic duct is accomplished 
primarily through the layer of circular muscle which is common to 
both bile and pancreatic ducts. Apparently the same holds true in 
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aceompaxned bv typical gallbladder distress, .vhich increased steadilv 
until the pain was unbearable. At the end of forty-nine minutes a 
concentrated solution of magnesium sulphate was gh-en bv Ze In 
tuo minutes the distress disappeared and in seven minutes typical ^11- 
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In the dog- 1 almost the entire intramural course of the bile duct is 
encircled by scattered loops of intrinsic muscle. The lowest of these 
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for only a few minutes, as pointed out by McMastcr and Elman), 31 
and tliat therefore the gallbladder of this species is sluggish and rarely 
evacuates itself completely. Physiologic confirmation of this is to be 
found in the experiments of Sandblom, Voegtlin and Ivy. 32 Employ- 
ing dogs in which devices for securing simultaneous records of pres- 
sure changes in the duodenum and common duct had been installed, 
these authors found that intravenous injections of cholecystoldnin in- 
creased duodenal tone and motility in 87 per cent of cases — although 
in the few instances in which the action of the drug on the sphincter 
of Oddi was not masked the sphincter was relaxed by the drug — thus 
emphasizing the obstructive effect of duodenal tone and motility in 
the dog. 



Pig. 7. — Aschoff’s diagram of the extrahepatic bile passages in man (posterior 
view), to which has been added the ductus pancreaticus. (From Arch. f. klin. Chir. 
120: 233, 1923.) This diagram is based largely on Charpy’s account of the biliary tract 
in Poirier and Charpy’s Traits d’Anatomie Humaine, 1901. *Westphal’s names for 
upper and lower segments of the pars intestlnalis in the guinea pig and rabbit In 
man these portions of the musculus proprius should be called respectively, the 
sphincter choledochus and the sphincter ampullae. 


SUMMARY 

In conclusion, it may be noted that comparative embryologic studies 
have demonstrated that in the opossum, guinea pig, dog, and man, the 
pars intestinalis of the bile channel (and its associated duet of Wir- 
sung, if present) is ensheatlied in a two-layered musculus proprius 
which can be designated, legitimately, the sphincter of Oddi. The four 
species differ markedly in the degree to which different segments of 
the sheath are developed or suppressed, and in the relationship they 
bear to the duodenal muscle through which the bile duct enters the 
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man, for Seliwegler and I have found no muscle fibers which com- 
pletely encircle the pancreatic duct in the human fetus (see Pig. 5). 

In the dog, however, where the duet of Wirsung empties separately 
into the duodenum, there is a ring of muscle which tends to form a 
figure eight with the subterminal portion of the sphincter choledoclius 
(Pigs. 1 and 6). This has previously been noted by Hendrickson. It 
may be considered a true sphincter pancreatieus. For this reason we 
cannot follow Hendrickson in komologizing it with the fibers that 
constitute the sphincter choledoclius. 


DISCUSSION 


Obviously, in this short article, it has been impossible to present any 
detailed description of these four species — a task which necessarily has 
been left for subsequent publications; rather, the object has been to 
give a general picture of the sphincter and to provide an anatomic 
foundation for analyzing its behavior in different species. To suggest 
how much such information is needed one has onlj’ to turn to Aschoff’s 
much publicized diagram of the human biliary tract (Pig. 7) which, 
incidentally, is the best available. Here we see the terminal portion 
of the bile channel divided into two successive zones on the basis of 
Wcstplial’s experimental study of the guinea pig and rabbit. The 
upper segment which represents the zone of the bile duct and its 
sphincter is labelled “antrum,” yet the “antrum” of the guinea pig 
is the ampulla of Vater. The lower segment (the zone of the ampulla) 
is called “sphincter papillae,” i.e., the muscle which in the guinea pig 
surrounds the duct of the ampulla. Whether these two regions in the 
guinea pig and man react to the same stimuli remains to be proved, 
but in any case they cannot logically be given the same name. 

A second, matter with which it. lias been impossible to deal, in the 
limits of this paper, is the disposition of intestinal muscle around the 
bile ducts. In general, however, the species differences in the pattern 


of this muscle are as marked as those in the intrinsic musculature. 
Two points only will be mentioned. In man, the window in the duo- 
denal muscle, through which bile and pancreatic ducts enter the in- 
testine is of such shape and size that duodenal peristalsis exerts a 
minimal effect on the flow of bile. This may afford one explanation 
for the fact, that in man two-thirds to three-quarters of the contents 
oTthe gallbladder are emptied within the first forty minutes after a 

, it. co, U\- contrast the duodenal window of the dog 

n ‘ , r ' f _ funnel which envelops the first two-fifths of the 
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intestinal Avail. The human sphincter has three marked anatomic char- 
acteristics: (1) its relative freedom from intestinal interference, due 
to the configuration of the window in the duodenal muscle through 
Avhich it passes; (2) the retrogression of its ampullary segment; and 
(3) the der-elopment of a special constricting - mechanism (the sphincter 
choledoclms) just aboA'e the point where the bile duet joins the ampulla 
of Vater. Anatomically, this zone of intrinsic muscle would seem to 
be entirely adequate to sustain the column of bile and so to cause the 
gallbladder to fill during the interval between meals. If such be its 
normal function, it is not difficult to belierm that hypertrophy or over- 
stimulation of so strategically a placed sphincter would result in biliary 
stasis and the production of right hypochondria! distress. 
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THE FUNCTION OF THE “VALVES” OF HEISTER 


Manuel E. Lichtenstein, M.S., M.D., and A. C. Ivy, Ph.D., M.D., 

Evanston, III. 

(From the Department of Physiology, Northwestern University Medical School) 

INTRODUCTION 

A LTHOUGH tlie “valves”* in the cystic duct were well described 
■ and illustrated by Heister in his textbook, 1 he had difficulty in 
convincing others that these folds actually existed (Fig. 1). Subse- 
quent observers, however, confirmed his findings and added much 
speculation concerning their function. They have been studied from 
many points of view, and considerable information concerning their 
anatomy, embryology, physiology, and pathology has been recorded. 

On the basis of this work, various views of the function of the 
“valves” of Heister have been expressed. Some have suggested that 
their function is to impede the inflow of bile into the gallbladder, 2 
while others have suggested that they impede 3 or prevent 4 the outflow 
of bile from the gallbladder. Keith 3 has suggested that they prevent 
collapse by providing support to the walls of the duct. They have 
been viewed as baffle plates 0 to secure a slow passage of viscous bile 
from the bladder without opposing the flow of thin hepatic bile into 
the gallbladder. Studies have been made on the pressure required 
to force fluid through the cystic duct in either direction. Lohner 7 
observed that less pressure is required to cause fluid to flow into the 
gallbladder than out of it. Mentzer 8 concluded that the “valves” of 
Heister check the rapid passage of fluid into or out of the gallbladder. 
Johnson and Brown 9 found no real impediment to the passage of fluid 
into or out of the gallbladder when the pressures found normally in 
the "allbladder were used. At lower pressures (8 cm. of water or 
below), a lag in the equalization of pressure between the gallbladder 
and the common duct was observed. This was attributed to the size 
of the ducts or to a “suction” action collapsing the ducts. The same 
authors also observed that the pressures between the duct and gall- 
bladder equalized almost instantly and tended to do so even at low 
essures This held true when the pressure was varied on either side 

of the cystic duet. 

Received for • jjuIjII e.it ion. t j !r f | n the cystic iluct described by Heister. 

• The term “valves, "rerri . { ., t T he folds. In fact, tire not valves but are 

|s retained for its same sense that the projections Into the lumen of the 

“i^t^lne are'caUed “vaivulae conn.ven.es,- 

»jS 



LICHTENSTEIN AND IVY : VALVES OF HIHSTER 


39 


Thus, while many suggestions have been offered, the question of the 
function of the “valves” themselves still remains unanswered. If they 
are not a factor in regulating the flow of bile into or out of the gall- 
bladder, the variations of rate of flow under varying pressure changes 
noted by Lohner, and Johnson and Brown require an explanation. The 
suggestion of Keith that thei* ]irevent collapse of the cj r stic duct is 
interesting, but further study seems indicated before it can be accepted. 



ANATOMY 

The “valves” of Heister are located in the neck and duct of the gall- 
bladder. The anatomical divisions of the gallbladder are illustrated 
in Pig. 2. 

The neck is defined 10 as that portion between the first “valve” of 
Heister and the beginning of the cystic duct. This portion is usually 
demarcated proximately by a bend which appears between the in- 
fundibulum and neck, and distally by a bend between the neck and 
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SURGERY 


cystic duct. Tlie neck is usually fixed to the infundibulum rather 
loosely by areolar tissue surrounded by a fold of peritoneum. It is 
difficult, however, to separate the neck from the infundibulum when 
the cystic artery is intact, as the latter crosses both of these portions 
of the gallbladder and fixes them to each other. The neck varies con- 
siderably in size and shape and in many instances is not well defined. 



pip. o. — Anatomical divisions of the gallbladder. 


The neck may continue imperceptibly into the cystic duet without a 
distal demarcation. It may be limited at cither end by a single valve, 
• it mav have a well-defined spiral fold extending the full length of 
its lumen. In some instances the first “valve of Keister’’ does not 
1 S nea r to be an independent leaflet projecting into the lumen of the 
al 11 bladder (Fi". 3.4). We found that it may he made to disappear 
removin'- alf areolar tissue connections between the infundibulum 
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■and neck and by then straightening the organ. This is similar to the 
fold that appears in the “folded fundus” 11 - 12 (Fig. 3B), and the origin 
may be identical. 

The cystic duct varies in length, diameter, shape, configuration, in-' 
ternal architecture, and relation to surrounding structures (Fig. 4). 
The mucous membrane surface in many instances is divided into two 
distinct portions — the proximal portion with projections (“valves”) 
called the pars convoluta and a distal portion without projections 
called the pars glabra. When the cystic duet is fully distended by 
air or water, it is found that the caliber of the pars convoluta is usu- 
ally less than that of the pars glabra (Fig. 5). 

At the junction of the cystic and the common hepatic ducts, a leaf- 
like fold is present. This projects toward the distal portion of the 



Fig, Z . — Leaflike ovojections irv neck tvnd fundus of gallbladder. 


common duet, and it is likely that it acts as a wing dam deflecting the 
flow of bile away from the opening of the cystic duct (Fig. 6). If 
obstruction should occur, however, in the common duct distal to the 
entrance of the cystic duct, as occurs with the contraction of the 
sphincter of Oddi, or increase in tone of the duodenal musculature, 
bile would then back up into the cystic duct and enter the gallbladder. 
Thus, on the basis of anatomical structure, the filling of the gallbladder 
is dependent on an increase in pressure in the common duet due t,o 
closure of the outlet of the latter. 

The adherence of the terminal part of the cystic duct to the common 
hepatic duct is of surgical importance. Numerous cases have been 
reported in which the latter was injured during operation or mistaken 
for the cystic duct and ligatured. These accidents are most likely to 
occur when the gallbladder is distended and the liver is in normal 
position, because the neck projects medially upward between the 
layers of the hepatoduodenal ligament and lies in contact with the 
common hepatic duct, the entire ef-stic duct being adherent to the 
latter. 
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SURGERY 


Practically all forms of liver displacement tend to straighten out the 
cystic duct, but marked ptosis may produce a very acute bend in the 
cystic duct near it s junction with the common hepatic duct, thus 
favoring obstruction. 

Adhesions may fix the gallbladder to. adjacent viscera, or by trac- 
tion prevent the outward displacement of the gallbladder, or produce 



downward displacement of the body of the gallbladder with angula- 
tion at the neck and duct. 

Observations on the size, form variations, modes of union of the 
duct with the common hepatic duet, and the relations of the 

cystic artery are of interest (Table I). 
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Table I 


I. Lengths of Neck and Duct of Gallbladder 


CM. NECK CYSTIC DUCT 

0-1 2 1 

1-2 22 10 

2-3 10 28 

3- 4 7 27 

4 - 5 2 12 

5-6 0 7 

0-7 1 3 

7-8 0 2 

S-9 0 0 

9-10 0 1 

No. of specimens 50 100 

55 per cent of cystic duets arc between 2 and 4 cm. in length 
20 per cent of cystic ducts arc less than 2 cm. long 
25 per cent of cystic ducts arc more than 4 cm. long 

II. Circumference Varies Between 4 and 10 mm. 

Average Circumference Is 0 mm. 


III. Form Variations: 

Spiral 

Ivinkcd 

Constrictions 

Knots 

Tortuous 

IV. Cystic Duct Unites With Hepatic Duct: 15 

Angular (292 in 389 instances) 

Parallel ( 04 in 389 instances) 

Spiral ( 07 in 020 instances) 

Prom evidence submitted by Boyden 13 and Rietz, 14 it appears that 
the peculiar conformation of tlie cystic duct and neck of the gallblad- 
der is due to the accommodation of a rapidly growing tube in the 
slower growing mesenchymal bed of the gallbladder (Pig. 7). Since 
the bed limits the extent of growth, the gallbladder develops folds and 
twists which are more exaggerated at the neck and cystic duct. Fur- 
ther limitation of longitudinal growth occurs here, because the cystic 
artery fixes the space available for the neck and cystic duct. 

There is much to support this view. The folds which appear in the 
lumen of the duct and neck of the gallbladder appear to be more 
marked in the young and tend to be more flattened in the old. In the 
embryo, a spiral-like “valve" is present, but this spiral partly disap- 
pears in the adult or is flattened so that only segments are left which 
are connected by newly developed small folds in the mucous membrane. 
The valves or folds are most discernible in that portion of the duct 
close to the neck of the gallbladder and decrease in number in tlie 
more distal portion of the cystic duct. It is rare to find “valves" in 
the distal portions of exceedingly long cystic ducts, but it is common 
to find them throughout the whole extent of short ducts. It must be 
understood, too, that folds may appear in the body of the gallbladder 
(folded fundus, folded body) and for the same reason. Examination 
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SURGERT 


Practically all forms of liver displacement tend to straighten out the 
cystic duct, but marked ptosis may produce a very acute bend iu the 
cystic duct near its junction with the common hepatic duct, thus 
favoring obstruction. 

Adhesions may fix the gallbladder to. adjacent viscera, or by trac- 
tion prevent the outward displacement of the gallbladder, or produce 



Fjg. .(.—Variations In shape of cj-stlc duct. 


•townward displacement of the body of the gallbladder wi 
,n at the neck and duct. 
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posture lias limited the space in the upper abdomen for accommodation 
of the liver. Also, the development of folds and ligaments, such as 



Fig 1 , 6. — At “V” is the small leaflike process which appears to arise by the fusion 
of the walls of the cystic and hepatic ducts. 





-u D ;P™ c ‘ 0 


Fig. <• From Boyden.» Stages in the development of the gallbladder. In B note 
the three S1 tes (1, 2 and 3) at which bends may occur. 

Keith and Lane have described, to fix the viscera in the upright posi- 
tion may have been responsible for tbe twisting of the cystic duet, 
which resulted in tbe formation of the “valves.” 
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SURGERY 


of the mucous membrane projections into the lumen of the gallbladder 
shows that these folds are similar to the folds of the cystic duct asso- 
ciated with the “valves.” Where large folds have occurred, these 
may be straightened with disappearance of the “valve” in the interior 
of the gallbladder (Fig. 3). 

This embryologie origin of the “valvular” folds also accounts for 
the variable number of folds from complete absence to as many as 
twenty and accounts for the peculiar twists, knots, kinks, spirals, and 



5. The cystic duct. Note that the pars pin bra is wider in diameter than the 

* pars convohita. 

other formations which tend to show an effort was made to accom- 
modate a long tube in a limited space. Since gallbladders vary in size 
n d tbe liver beds also vary in size, the extent of folding in each 
individual case will depend on the relationship between the developing 
gallbladder and its mesodermal bed. 

miYi.oonxv 

It is of interest to note that pliylogenetieally the “valves” of JJeister 
appear only in primates. It is possible that the assumption of the erect 



LICHTENSTEIN AND IVY: VALVES OP IIEISTEK 


47 


B 5. Likewise, the pressure in the common duct nifty be elevated by 
opening the clamp, A 4, and it may be decreased by opening the clamp, 
A 5. 

II. In some instances the body of the gallbladder was removed, and 
the cannula was placed into the infundibulum with its orifice facing 
the beginning of the neck. This was proximal to the first bend and 
also to the first Heister valve (Fig. 8b). 

III. To determine more accurately the effect of the presence of the 
valves of Heister on the flow of fluids through the cystic duct, the 
apparatus was arranged as in Fig. 8c. In these experiments only the 
straight portion of the cystic duct was used. The cannula was placed 
into the neck of the gallbladder so that the orifice of the cannula just 
entered the straight part of the duct. The cannulas in the hepatic and 
common ducts were so placed that they did not interfere with the pas- 
sage of fluid into the orifice at the termination of the cystic duct. 

The ducts were placed on a level plane in line with the 0 mark on 
the manometers. The three locations of the cannulas on the gallblad- 
der side of the cystic duct were associated with slightly different 
results. 

RESULTS 

I. Using several methods of observing the flow of fluids through the 
cystic duct with the gallbladder intact, it was found that the results 
were approximately similar to those following the use of the apparatus 
illustrated. With high pressures (over 15 cm. of solution), equaliza- 
tion of pressure takes place promptly. The ducts are dilated, the neck 
of the gallbladder stands erect, and there is no obstacle to the passage 
of fluid through the cystic duct in either direction. With lower pres- 
sures, equalization occurs on both sides of the cystic duet, but there 
remains a slightly higher pressure on the side of active flow. When 
fluid passes into the gallbladder, the pressure in the common duct is 
slightly higher than that in the gallbladder. Likewise, when fluid 
passes into the common duct, the pressure is slightly higher in the 
gallbladder. These results confirm the findings of Johnson and Brown. 

II. Using the second type of preparation in which the body of the 
gallbladder is removed (Fig. 8b), the following differences in results 
were noted as compared to the first type (Fig. 8a) of preparation : 

1. No filling of the gallbladder was necessary, hence the rise in pres- 
sure occurred almost immediately on the opposite side of the cystic 
duct. 

2. At approximately 5 cm. pressure, equalization in pressure oc- 
curred promptly. At 2 to 3 cm, pressure or lower, a lag in equaliza- 
tion was noted. 
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It is difficult to correlate the size of the liver or the number of lobes 
of the liver with the station of the species in the mammalian scale. 
In general the liver in man is smaller, however, in proportion to the 
size of the body, than in any species except that of the goat and horse. 

METHOD OF INVESTIGATION 

I. Specimens of human gallbladders with their attached ducts (cystic, 
hepatic, and common) were obtained at autopsy within twelve to 
twenty-four hours after death. The cystic artery, which attached the 
body to the neck of the gallbladder in such a manner as to preserve 
the bend at their junction, was left intact. The hepatic duct was 




Fig:. 8. — Apparatus and types of preparations. 


ligated. The common duct and fundus of the gallbladder were can- 
nulated and attached as indicated in Fig. 8a. The cannulas had a 
diameter that approximated that of the cystic duct. 

Salt solution (0.9 per cent) passes from the funnel into the arms yl 
and B of a T-tube, T 1 (Fig. 8). It is then carried to A 1 and B 1, 
which are connected with a water manometer having floats, a and b; 
and to A 2 and B 2, which are attached to cannulas in the gallbladder 
™d common duct; to A 3 and B 3, which lend into a flask through a 
non tube T 2. Clamps arc placed at A 4, B 4, A 5, and B 5. The 
C0n !L. o t ’ lic Gallbladder may he elevated by opening the clamp at 
Thi8 pressure mav he recorded on a smoked drum by the float, h. 
The pressure may be decreased in the gallbladder by opening the clamp, 
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DISCUSSION 

From these findings it would appear that the “ valves’ ' themselves 
offer no resistance to the passage of fluids in either direction, that the 
bends at the junctions of the neck with the gallbladder on one side 
and the cystic duct on the other offer a slight degree of resistance to 
the flow of fluid both into and out of the gallbladder, and that when 
the pressure in the gallbladder is sufficient to cause a straightening 
of the neck, fluid will pass unobstructed out of the gallbladder. As is 
well known, it. is rare to find an empty gallbladder. This may be due 
to the necessity of having an appreciable pressure, though small, to 
maintain a patent passage between the gallbladder and cystic duet. 

When one observes formalin hardened specimens of cystic ducts 
which have been cut open longitudinally, one finds that the direction 
of the pockets formed by these leaflets faces in some instances toward 
the common duct, as though to impede the entrance of material into 
the gallbladder, while in other instances it faces toward the neck of 
the gallbladder. Yet dark, thick bile obtained from the gallbladder 
and poured into a cannula attached to the common duct will flow into 
the gallbladder under a pressure of 2 to 3 cm. of bile pressure. How 
much of this 2 to 3 cm. pressure is due to the resistance of the caliber 
of the tube could not be determined. As the hepatic bile is much 
thinner than gallbladder bile, it is not likely that the “valves” offer 
any resistance to the flow of bile into the gallbladder. 

That some should suggest impediment of outflow of bile from the 
gallbladder is likely from the fact that gallbladder bile is more viscous 
than hepatic bile and must pass through the narrowest portion of the 
extra hepatic biliary passages, whose lumen is further limited in size 
by the presence of the “valves.” The facts are, however, that gall- 
bladder bile is able to pass through the cystic duct and empty into 
the more commodious common duet. 

The presence of valves in the cystic duct does not seem to impair 
the passage of 0.9 per cent sodium chloride solution, or tap water, or 
gallbladder bile in either direction. 

It has been suggested that the valves act as baffle plates to permit 
inflow and outflow simultaneously. This does not appear likely, as the 
inflow of bile into the gallbladder is dependent upon an increase in 
tone of the sphincter of Oddi. This results in an increase in the pres- 
sure in the common duet with opening of the orifice at the entrance 
of the cystic duct into the common duct. 

When the sphincter of Oddi is relaxed, hepatic bile will flow directly 
into the duodenum. The only manner in which the gallbladder will 
fill is by an increase in pressure in the common duct. When the gall- 
bladder evacuates its contents, the pressure in the common duct falls. 
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III. Using the “setup" shown in Fig. Sc, equalization of pressures 
on either side of the cystic duct was immediate, with pressures varying 
from 3 mm. to 200 mm. 0.9 per cent NaCl. The sizes of the ducts are 
recorded in Table II. 

Table II 


LENGTH 

1.5 

2.0 

3.0 

3.4 
3.8 

4.0 

4.0 

4.5 

4.5 

4.5 

5.0 

5.4 

6.4 


Size or Cystic Duct in Cm. 

ciroum. 

0.5 

0.S 

0.0 

0.0 

0.S 

0.0 

0.4 

0.S 

0.6 

0.S 

0.S 

0.S 

1.0 

0.S 


"valves” 


4 

0 

o 

4 
0 
0 

5 

4 

12 

7 

0 

5 
4 


SUMMARY OP RESULTS 


With the gallbladder intact, an adequate volume of fluid is required 
to fill the gallbladder before any of it will pass into the cystic duct. 
The gallbladder must be well filled before sufficient pressure may be 
attained to force fluid through the neck and cystic duet and to have 
the fluid appear on the common duet side. When stabilization of fluid 
levels occurs, it has been found that there remains a residual slightly 
higher pressure on the gallbladder side than on the common duet side. 
This amounts to from 0.5 to 3.0 cm. of pressure. Also, when fluid 
passes from the common duet through the cystic duet and neck of the 
gallbladder, equalization of pressures to the point of stabilization shows 
a slightly higher pressure on the common duct side than on the gall- 


bladder side. 

These findings are in accord with those of Johnson and Brown. When 
the second type of preparation was used (body of gallbladder re- 
moved), the flow through t lie tubes was more prompt, but there still 
remained a slight residual pressure on either side, which was higher 
than on the opposite side, this higher pressure being on the side of 


u-tive flow from the funnel. 

When the third type of preparation was used, even at the slightest 
•essurc of 1.0 to 3.0 mm. of water, prompt equalization of pressure 
Occurred. These findings were found in specimens that had few (2), 
tiT well as iiianv (up to 32). “valvular” projections into the lumen 
of t]l0 . sf ; ( . thict. Also, this was true, regardless of the size and 
[wee of tortuosity of the cystic duct. 
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DISCUSSION 

From tliese findings it would appear that the “valves” themselves 
offer no resistance to the passage o£ fluids in either direction, that the 
bends at the junctions of the neck with Ihe gallbladder on one side 
and the cystic duct on the other offer a slight degree of resistance to 
the flow of fluid both into and out. of the gallbladder, and that when 
the pressure in the gallbladder is sufficient to cause a straightening 
of the neck, fluid will pass unobstructed out of the gallbladder. As is 
well known, it is rare to find an empty gallbladder. This may be due 
to the necessity of having an appreciable pressure, though small, to 
maintain a patent passage between the gallbladder and cystic duet. 

When one observes formalin hardened specimens of cystic ducts 
which have been cut open longitudinally, one finds that the direction 
of the pockets formed by these leaflets faces in some instances toward 
the common duct, as though to impede the entrance of material into 
the gallbladder, while in other instances it faces toward the neck of 
the gallbladder. Yet dark, thick bile obtained from the gallbladder 
and poured into a cannula attached to the common duct will flow into 
the gallbladder under a pressure of 2 to 3 cm. of bile pressure. IIow 
much of this 2 to 3 cm. pressure is due to the resistance of the caliber 
of the tube could not be determined. As the hepatic bile is much 
thinner than gallbladder bile, it is not likely that the “valves” offer 
any resistance to the flow of bile into the gallbladder. 

That some should suggest impediment of outflow of bile from the 
gallbladder is likely from the fact that gallbladder bile is more viscous 
than hepatic bile and must pass through the narrowest portion of the 
extra hepatic biliary passages, whose lumen is further limited in size 
by the presence of the “valves.” The facts are, however, that gall- 
bladder bile is able to pass through the cystic duct and empty into 
the more commodious common duct. 

The presence of valves in the cystic duct does not seem to impair 
the passage of 0.9 per cent sodium chloride solution, or tap water, or 
gallbladder bile in either direction. 

It has been suggested that the valves act as baffle plates to permit 
inflow and outflow simultaneously. This does not appear likely, as the 
inflow of bile into the gallbladder is dependent upon an increase in 
tone of the sphincter of Oddi. This results in an increase in the pres- 
sure in the common duct with opening of the orifice at the entrance 
of the cystic duct into the common duct. 

When the sphincter of Oddi is relaxed, hepatic bile will flow directly 
into the duodenum. The only manner in which the gallbladder will 
fill is by an increase in pressure in the common duct. When the gall- 
bladder evacuates its contents, the pressure in the common duet falls. 
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III. Using the “setup 1 ' shown in Pig. Sc, equalization of pressures 
on either side of the cystic duct was immediate, with pressures varying 
from 3 mm. to 200 mm. 0.9 per eent NaCl. The sizes of the ducts are 
recorded in Table II. 

Table II 

Size or Cystic Duct in- Cm. 


LENGTH 

eiiteim. 

' ' VALVES ’ ’ 

1,3 

0.5 

4 

2.0 

O.S 

6 

•S.O 

0.6 

2 

5.4 

0.6 

4 

3.S 

O.S 

6 

4.0 

O.G 

0 

4.0 

0.4 

5 

4.5 

O.S 

4 

4.5 

0.6 

12 

4.S 

O.S 

7 

5.0 

O.S 

6 

5.4 

O.S 

S 

6.4 

1.0 

4 

7.5 

O.S 

.0 


SUMMARY OP RESULTS 

With the gallbladder intact, an adequate volume of fluid is required 
to fill the gallbladder before any of it will pass into the cystic duct. 
The gallbladder must be well filled before sufficient pressure may be 
attained to force fluid through the neck and cystic duct and to have 
the fluid appear on the common duet side. When stabilization of fluid 
levels occurs, it has been found that there remains a residual slightly 
higher pressure on the gallbladder side than on the common duct side. 
This amounts to from 0.5 to 3.0 cm. of pressure. Also, when fluid 
passes from the common duct through the cystic duct and neck of the 
gallbladder, equalization of pressures to the point of stabilization shows 
a slightly higher pressure on the common duct side than on the gall- 
bladder side. 

These findings are in accord with those of Johnson and Brown. When 
the second type of preparation was used (body of gallbladder re- 
moved), the flow through the tubes was more prompt, but there still 
remained a slight residual pressure on either side, which was higher 
than on the opposite side, this higher pressure being on the side of 
active flow from the funnel. 

When the third type of preparation was used, even at the slightest 
pressure of 1.0 to 3.0 mm. of water, prompt equalization of pressure 
occurred. These findings were found in specimens that had few (2), 
as well as many (up to 12), “valvular" projections into the lumen 
of the cystic duct. Also, this was true, regardless of the size and 
degree of tortuosity of the cystic duct. 
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pressures in the gallbladder or common duct, and to prevent sudden 
distention or collapse of the cystic duet. Thus, the presence of the 
“valves” of Heister, when normal, constitutes an anatomic factor of 
safety which seems to have been associated from the evolutionary 
viewpoint with the assumption of the erect posture. 

APPLIED PHYSIOLOGY 

The narrowness of the channel which connects the gallbladder to 
the common duct predisposes it to obstruction. Edema of the wall or 
of the mucosa alone, even though slight, may be sufficient to produce 
interference with the filling or the emptying of the gallbladder. The 
duration of this obstruction will, to a certain degree, determine the 
extent of permanent change, since inflammation with damage to the 
mucous membrane results in altered physiology of the gallbladder. 
While inflammation may occur in the gallbladder or the hepatic and 
common duets, the narrow, tortuous channel in the cystic duct may 
be more readily occluded. 

Anatomic relations of the cystic duct to adjacent organs predispose 
to pathologic changes. The venous plexus covering tire cystic duct 
may involve the duct, especially when thrombophlebitis or thrombosis 
of the veins takes place. The cystic artery, too, may be involved in 
an inflammatory process and cause a change in the vascularity of this 
part. Angulation of the duct and the presence of swollen lymph glands 
adjacent to the cystic duct may also serve to produce obstruction. 

SUMMARY 

The “valves” of Heister arise late in the pliylogeny of the mam- 
malian kingdom. They are found only in primates. The human gall- 
bladder is derived from a rapidly growing tube lying in a more slowly 
growing mesodermal bed. This difference in growth causes numerous 
foldings and windings to occur so that the gallbladder may be accom- 
modated in its liver bed of limited space. The cystic artery early in 
development limits the longitudinal growth of the neck and cystic 
duct. Folds occur commonly in the fundus and body of the gallblad- 
der and represent the most frequent anomaly of the human gallbladder. 
The “valves” of Heister are an embryologieal formation due to the 
winding or longitudinal compression of the duct during its develop- 
ment. The variations in the number and size of the “valves” and 
their absence in the more distal portion of the cystic duet are due to 
the variations iu the size of the parts that take part in the foldings 
and winding. Our studies show that pressure variations on either side 
of the valvular portion of the cystic duct are not influenced by the 
presence of the “valves.” Variations in pressure noted by Johnson 
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This indicates that the flow into or out of the gallbladder is undi- 
rectional at any time, and there is, therefore, no need for baffle plates 
to permit bidirectional flow at the same time. 

It has been suggested that the free passage of fluid through the 
cystic duct does not occur unless sufficient pressure has been established 
to distend the duet system. Some have gone so far as to state that a 
sphincter is present between the bod}' and neck of the gallbladder. It 
appears that in the intact gallbladder there maj' be an obstacle to the 
progress of fluids into or out of the gallbladder between the body and 
the cystic duct. While no definite sphincter has been demonstrated, 
one must admit the possibility that a sphincter may exist without an 
organized muscle band that can be demonstrated anatomically. The 
cardiac sphincter of the stomach is an illustration of such a possibility. 
In examining the gallbladder, however, one finds that the two locations 
where sphincters have been suggested are anatomical sites of bends in 
the continuity of the gallbladder. These bends in some instances repre- 
sent a change in direction amounting to 180°. 


The cystic duct is an anatomical pathway between the reservoir for 
bile on one side and the duets connecting the liver to the duodenum 
on the other. It is subjected to varying pressures, from the gallblad- 
der up to 25 cm. of bile pressure, and from the common duct up to 
80 cm. of bile pressure. The gallbladder pressure is acquired directly 
from the tonic contraction of its musculature and possibly to some 
extent indirectly from the pressure of adjacent viscera or is trans- 
mitted from the thorax. In the common duct, the pressure is deter- 
mined by the action of the sphincter of Oddi plus the tone of the 
duodenal musculature. The cystic duct is devoid of any organized 
system of musculature, which by itself could by contraction produce 
changes in the internal pressure in the cystic duct. 

Thus, the cystic duct is a pathway through which bile is passing 
either into or out of the gallbladder. It is subjected to variations in 


pressure which take place normally on either end. These pressure 
changes may be a cause for sudden distention. The presence in the 
evstie duct of numerous nerve ganglia makes this a sensitive portion 
of the extra hepatic biliary passages. It is possible, therefore, that 
the existence of the “valves” of Heistcr is to retard the distention of 
the duct during the changes in pressure. Also, ns suggested by Keith, 
thev may maintain the patency of the lumen. In those instances where 
the* distal portion of the cystic duct is devoid of valves (pars glabra), 
auction mav be present (Fig. 4). This would indicate that the folds 
?_ the nnrs convoluta prevent dilatation of the cystic duct. The folds, 
111 “ i >> 0 f Heister simplv constitute an architectural device to 
maintain C fl' c uniform size of ‘the duct in the presence of changing 



NUTRITIONAL EDEMA: ITS EFFECT ON THE GASTRIC 
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(From the Harrison Department of Surgical Research and the Department of Roent- 
genology, School of Medicine, University of Pennsylvania ) 

/^ANE of the most common conditions with which surgeons are con- 
fronted is malnutrition. Its existence is far more widespread 
than is commonly believed, and its effects, while generally thought 
to bear some relationship to resistance, are actually of a more pi’o- 
found character. Prolonged restriction of protein in the diet causes 
a reduction of the plasma proteins. The chief function of the proteins 
in the blood is to maintain the colloid osmotic pressure of the circu- 
lating blood. 1 As Starling 2 has pointed out, the osmotic pressure of 
the plasma crystalloids, although relatively large (5,000 to 6,000 mm. 
of mercury) as compared with that of the plasma proteins (30 mm. 
of mercury), is of little importance in the normal fluid distribution, 
because crystalloids pass freely through the walls of blood vessels. 
Govaerts 3 and Scliade and Claussen 4 found that as the plasma proteins 
were reduced from their normal of 7 per cent, the osmotic pressure 
exerted by the plasma was proportionately reduced. Weeeli and his 
coworkers 5 have shown that as the plasma proteins are reduced in 
concentration, the circulating fluid begins to leave the vessels, re- 
sulting first in a latent, and later in an evident edema. Their work 
indicates that the so-called critical level for edema (usually stated to 
be 5.2 gm. of protein per 100 c.c. of blood) is but the level at which 
edema becomes clinically manifest. This role of the plasma proteins, 
wherein they play an important part in maintaining a delicate state 
of balance between the blood and the intercellular fluid, is of particu- 
lar importance to the surgeon. The observation that surgical patients 
may exhibit a definite liypoproteinemia, with or without edema, is 
becoming more generally accepted. Jones and Eaton® reported thirty- 
four cases which they had personally observed. We have observed 
six patients with liypoproteinemia in our surgical service in the past 
eight m onths. It is interesting to note that with the exception of the 
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and Brown, and Lohner are iirobablj’ due to the presence of the bends 
in the neck of the gallbladder. Inflammation of the “valves” may be 
responsible for obstruction of the cystic duct. 


CONCLUSIONS 


The function of the “valves” of Heister (if a function is to be 
ascribed to this anatomic formation) is to prevent distention or col- 
lapse of the cystic duct when sudden change of pressure occurs in the 
gallbladder or common duct. The folds, or “valves” of Heister, con- 
stitute an architectural device to maintain the uniform size of the duct 
in the presence of changing pressures in the gallbladder and common 
duct. Thus, the presence of the “valves” of Heister, when normal, 
constitutes an anatomical factor of safety which seems to have been 
associated from the evolutionary viewpoint with the assumption of 
the erect posture. 
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there was no evidence that the stoma was functioning. At this time the serum pro- 
teins were 5.1 gm. per 100 e.c., and roentgen studies showed almost complete obstruc- 
tion at the site of the stoma (Pig. 1). Peripheral edema was evident. We were 
successful at this time in passing a Levine tube through the patient’s stoma, through 
which vigorous protein therapy was instituted. In addition to this the patient was 
given repeated blood transfusions. Within three days, there was marked clinical im- 
provement, and roentgen studies on the twenty-ninth postoperative day disclosed a 
normally functioning stoma (Pig. 2). 

It was exceedingly difficult to refrain from doing a secondary operation when roont- 
genographic evidence of obstruction was obtained, but a regime which tended to rc- 



Pig. 2. — Gastrointestinal roentgenogram thirty minutes after the administration of 
barium and twenty-nine days after operation. 


store the plasma proteins resulted in tiieir rapid rise and complete disappearance of 
the supposed technical defect in the anastomosis. Wo had observed a similar instance 
of this condition as early as 192S. In this patient, restriction of fluid intake and 
blood transfusions resulted in a functioning stoma. It occurred to us that not a few 
of the patients who were subjected to secondary operations after surgical procedures 
for gastric or duodenal ulcer, or malignancy, might in reality be examples of a pro- 
found disturbance of the plasma proteins with a state of edema affecting the site of 
the anastomosis. It seemed important to test the hypothesis that a relationship ex- 
isted between gastric retention and the nutritional state. 
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paper by Jones and Eaton in 1933 and the papers by Ravdin in 1935/- s 
the importance of nutritional edema affecting the gastrointestinal tract 
has not been stressed by writers on gastrointestinal surgery. We have 
on a number of occasions had evidence that a reduction of the plasma 
proteins may cause such changes in the gastrointestinal tract after 
gastrointestinal operations, that the postoperative picture mimics in 
every way a technical defect of the anastomosis. The following case 
history is illustrative : 



Case 1.— W. S., male, aged forty-two, was admitted to the Surgical Division of the 
Hospital of the University of Pennsylvania on September 18, 1!*::.'!, with a diagnosis 
of duodenal ulcer. The roentgen studies had disclosed a marked pyloric obstruction. 
Restriction of food intake had resulted in a loss of forty-eight pounds. There was 
no evidence of peripheral edema; the patient, on the contrary, showed definite 
evidences of- dehydration. On admission the hemoglobin was IOC per cent and the 
plasma proteins were 7.S gm. per 100 r.c. of Mood. A pyloreetomy was performed 
with reconstruction of the gastrointestinal continuity by the Polya technic. Subse- 
ouent to operation the patient was given normal saline solution intravenously, and 
siphon drainage of the stomach was instituted. On the nineteenth day after operation, 
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the experiments and the one found most satisfactory was a modification 
of several previously reported. The total stock diet was made up as 


follows : 

10 pounds 4.5 kilograms 

Carrots 

Turnips 

10 pounds 4.5 kilograms 

Rice 

41 pounds 2.0 kilograms 

Oleomargarine 

31 pounds 1.0 kilograms 

KaTO 

31 pounds 1.6 kilograms 

Cod liver oil 

100 cubic centimeters 

Bone ash 

50 grams 

Sodium chloride 

100 grams 

Yeast concentrate 

5 grams 

The carrots and turnips were 

coarsely ground and were boiled for 

twenty minutes along with the 

rice. The other ingredients were then 

added, with the exception of the cod liver oil and yeast, which were 

not added until the mixture had cooled. The stock food was carefully 


mixed and kept in a refrigerator room. The dogs were given daily 
all they desired, care being taken that each animal received at least 
double its basal caloric requirement. The protein content was ap- 
proximately 1 per cent. 

It was found that the injection of a normal saline solution into the 
saphenous vein to equalize the amount of blood withdrawn from the 
femoral artery facilitated the plasmapheresis. By this means as much 
as 950 c.c. has been withdrawn from a dog weighing 9 kg. without 
producing any distressing symptoms. It is obvious that the protein 
content of the mixture of blood and saline is not as high as that of 
whole blood, but the lack of evident shock enables the worker to take 
the time to wash the coi-puscles before replacing them intravenously. 

Three groups of experiments were carried out. First, the effect of 
hypoproteinemia on the gastric emptying time was determined on 
unoperated dogs. In the second group, animals were made hypo- 
proteinemic and then were subjected to pyloric resection with restora- 
tion of the gastrointestinal continuity by gastroduodenostomy or by 
the Billroth II principle. The gastric emptying time was determined 
at critical periods of the experiment. After a period of hypopro- 
teinemia, the proteins were permitted to rise and at a subsequent 
period were again reduced. In group three, dogs which had Polya 
operations performed on them at least a year previously were studied. 
These animals were checked weekly as the proteins wei'e lowered, 
raised, and then lowered. Needless to say, not all the animals sur- 
vived the rigors of the course outlined for them. 

RESULTS 

Group I was composed of ten dogs, eight of which survived the low 
protein diet and repeated plasmapheresis for more than one month. 
Of the eight animals, two showed little change in their gastric empty- 
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METHOD 

Dogs were chosen as the experimental animal for the following 
reasons: first, their size, which (a) facilitated plasmapheresis, (b) 
made it possible to take frequent blood samples, (c) made operative 
procedures satisfactory; second, the ease with which the dog could be 
adjusted to an unusual diet; third, the facility with which the animal 
could be trained to lie quietly before the fluoroscope. There were 
definite objections to the use of this animal. It normally has a low 
standard level of plasma proteins (mean about 5.8 per cent) and fur- 
thermore, different animals show a marked variation from the normal 
(5.0 per cent to 6.8 per cent). It resists the production of clinical 
edema, and it has a high susceptibility to distemper when malnourished. 

The animals were carefully watched for changes in their physical 
state. The gastric emptying time and serum proteins were determined 
at least weekly. Total proteins only were determined. “Weech, Reeves, 
and Goettscli 0 have demonstrated that the globulin fractions maintain 
a fairly constant level even when there is a marked decrease in the 
serum albumin. Thus, total protein values reflect changes in the more 
important albumin fraction. The Moore and Van Slylce 10 specific 
gravity method was used because of its simplicity, rapidity, and high 
degree of accuracy; which last compares favorably with Kjeldahl 
determinations. In determining the proteins, serum was used instead 
of plasma because of greater accuracy. 11 

A special 2 c.c. specific gravity bottle having a fine capillarity is 
required for the test. It should be rimmed with stopcock grease to 
prevent evaporation of its contents. It is carefully filled with serum, 
weighed accurately to within 0.1 mg., and corrected to 20° C. Per 
cent total serum proteins may be calculated from the following formula : 


(Weight of scrum at. 20° C. 
Per cent total serum protein = ^Weight of water at 20” C. 


1.007 


}■ 


o.jo 


Care must be taken to keep all apparatus dry, preferably in a desic- 
cator to wipe away all excess serum or water before weighing, and 
to allow the samples to reach the temperature of the balance case before 
the final weighing. It is advisable to cheek all results by using two 
or more bottles. Variation between checks should not. exceed 0.05 


per cent. 

Blood chloride determinations were made at critical stages in 1 he 
experiments and were in every ease within normal limits. 

Hrpoproteinemia was produced by diet and plasmapheresis. It was 
not found practical to plan in advance the number of plasmaphereses 
. , . narticular animal, or the length of time the animal 

k«,“. on . r,,.ric«l ,IW. .U,„ «- m ,r M „Hy i„ 
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After operation, while the serum proteins were low, there occurred 
a definite delay in the gastric emptying, despite strong gastric con- 
tractions on fluoroscopic examination (Fig. 4). All of the animals 
showed speeding of the gastric emptying as the proteins were restored 
to normal (Fig. 5). The two animals having their serum proteins 
reduced a second time showed slowing of their emptying times as 
liypoproteinemia was again induced. 

f 


v- V&v \ 



Fig. 4. — Fluoroscopic examination in a dog with low serum proteins. 

In one of the dogs all fluids were withheld for several days. The 
gastric emptying time was speeded up. Following this, 800 c.c. of 
normal saline solution were given intravenously. The serum proteins 
fell and the gastric emptying was retarded (Fig. 6). 

Group III consisted of two animals which had been subjected to the 
Polya operation over a year before the beginning of this experiment. 
Their gastric emptying time was studied repeatedly while they were 
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ing time as the serum proteins were reduced. One of these had a 
nearly normal emptying time despite a serum protein of 2.73 per cent. 
At postmortem twenty-four hours later, there was obvious edema of 
the gastrointestinal tract. 

The remaining six animals showed varying degrees of retention of 
the barium meal as the serum proteins were lowered. In one dog the 
gastric emptying time after reduction of the serum proteins was fifty 
times the normal for this animal, while in another it was thirty times 
the normal. In general in this group the lower the serum proteins, 
the longer was the gastric emptying time (Fig. 3). 


Gaslrlc emptying 



pjp 2 Group I. Moan values for scrum proteins and gastric emptying time. 


Group II was composed of three dogs which when hypoproteinemie 
cere subjected to pyloreetomy. In two of 1 lie three animals in this 
f roup the scrum proteins were reduced a second time after recovery 
Vom the initial low values. In the first period of low protein diet, 
e of the animals had total serum protein values below 4.0 per cent. 
n,is roar he roughly compared to a serum protein or 5.5 per cent in 
human being. In our experience it was the lowest value we were 
; , , t j ie animals well enough to rcirain a normal 

St «•' - r •*** 
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on a normal animal liouse diet and after varying periods of a low 
protein diet and repeated plasmapheresis (Fig. 7). 

The dogs showed a marked retardation of the gastric emptying time 
as the serum proteins fell. In Dog No. 687, as the serum proteins were 
restored to normal, the gastric emptying time was speeded up to that 
observed during the control period. When the serum proteins were 
reduced a second time, the gastric emptying time as observed fluoro- 
scopieally was not retarded as it was on the first period of liypopro- 
teinemia, although there was definite clinical evidence of gastric reten- 
tion. This was manifested by the retention of gastric contents as 
evidenced by the daily passage of a stomach tube. 


8erum proteins - 


Gastric emptying 

time 

Hours 
7 



To^s 4a tc?- Group UL 

Fig. 7. — Group III. Mean values for serum proteins and gastric emptying time. 


DISCUSSION 

There are several possible explanations for the observed delay in 
gastric emptying time in hypoproteinemic patients and animals. First, 
the reduced vitality observed in the hypoproteinemic dogs may have 
an expression in a diminution of gastric activity. Second, the edema 
of the gastric tissues may interfere with effective muscle contraction. 
Third, the reduction in the size of the stoma coincident with the edema 
may so interfere with emptying as to result in the observed retention. 

We are inclined to believe that this latter explanation is the correct 
one. All of the animals with total serum proteins of 4.0 per cent or 
lower showed gross edema of the stomach at postmortem or operation. 
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Fig. 5. — Group II. Mean values for scrum proteins and gastric emptying time. 
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permit subsidence of tlic reaction to the trauma of operation. In foui 
of the five instances, the edema was such as to cause a very marked 
reduction in the size of the stoma. 

It was a general observation, during fluoroscopic examination of the 
animals having edema, that the gastric tone was normal or increased, 
and that the peristaltic waves were equal to, or greater than, their 
normal depth, although motility was practically absent. The fluoro- 
scopic picture was similar to that observed during pyloric obstruction. 

During this investigation, several observations of a general nature 
have been made. In our experience animals rendered definitely hypo- 
proteinemic all developed ulcers over their forelegs and ankles. These 
ulcers increased in size as the proteins were further reduced and 
healed rapidly as the proteins were raised. Marked difficulty was 
noted in healing of the abdominal incisions of hypoproteinemic ani- 
mals. When the proteins were raised, the wounds healed promptly. 
It was interesting to note that we have seen two instances of intestinal 
perforation in hypoproteinemic animals. One was a perforation of 
air ulcer in the proximal duodenal stump five weeks after operation, 
and the other was a perforated gastrojejunal ulcer fifteen months after 
the operation. 

Despite the fact that the dogs maintained on the low protein diet 
consumed more than double their basal caloric requirements, they 
invariably lost weight which amounted in several instances to as much 
as 40 per cent of their original body weight. Although the proteins 
were raised from a level of 4.0 per cent to a normal figure in approxi- 
mately three to four weeks on the high protein diet alone, the gain 
in weight proceeded at approximately half that speed, and in no in- 
stance, even after two months, was the original weight regained. Ani- 
mals in the hypoproteinemic state were, in our experience, extremely 
susceptible to distemper. None of our dogs received prophylactic 
injections. 

Numerous opportunities were afforded to study the dilution of blood 
plasma caused by intravenous injections. On seven occasions an aver- 
age of 375 e.c. of normal saline caused the proteins four hours after 
the infusion to be reduced from a mean of 4.6 to a mean of 3.7 per cent. 

Clinically, latent or manifest edema is most frequently seen in eases 
of nitrogen starvation, general malnutrition, purulent and serous drain- 
age, hemorrhage, severe diarrhea, and following the administration of 
large amounts of sodium salts. It has been indicated by Weech and 
Ling, 12 by Lepore, 13 and others that, if the sodium ion is restricted, 
it is difficult to produce edema in either dogs or human beings regard- 
less of the plasma protein level. There is good evidence that as the 
plasma proteins are reduced from their normal levels, diminishing 
amounts of fluid and sodium salts are required to cause edema. It must 
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The same state lias been observed in human patients with hypopro- 
teinemia. When operation lias been resorted to, the increased edema 
incident to trauma further reduces the caliber of the stoma. 



Fig 1 . S. — Photomicrograph showing submucosa ami muscularis of the stomach of a 
normal dog. Total serum proteins G.20 gm. per cent. (X50.) 



. i.. showing edema of the suhmucosa section from animal 

Fig. i 1 • — l 1 1 1 in total s or uni proteins of 2.73 gm. jam cent. (*50.) 


having 


„ • of specimens removed from the stomach demonstrate 

bCC ' nr O !1). We have examined the stoma at. post* 

t h° ctlema ‘ ineniin ( , (ip . su I,jeetcd to the Polya operation 

and in which the perio.I ft.llowii.fr operation was suffic.ei.tly long to 



INTESTINAL OBSTRUCTION COMPLICATING PREGNANCY 

Et, bridge L. Eli a son, M.D., and William H. Erb, M.D., 
Philadelphia, Pa. 

T HE possibility of pregnancy per se causing intestinal obstruction 
will probably be questioned by a great many obstetricians and sur- 
geons. In none of the standard textbooks on obstetrics or surgery is 
there any reference to pregnancy itself being an etiologic factor in ileus. 
Leonard 1 in 1917 writes that “normal intrauterine pregnancy rarely if 
ever causes acute obstruction per se.” A French author, Pinard, states, 
“I have never seen intestinal occlusion complicate a normal pregnancy.” 
Wilms, in his monograph, Der Ileus, makes the statement that ileus 
caused by pregnancy alone belongs to the rarest of conditions. With 
this point of view prevailing, it was thought worth while to present 
three cases in which the most likely cause of the ileus was the normal 
intrauterine pregnancy. Briefly, the other causes of intestinal obstruc- 
tion complicating pregnancy are also discussed. 

The broader field of obstruction complicating pregnancy has received 
very little attention from English authors. The German literature, how- 
ever, is relatively rich with contributions on the subject. Ludwig 2 in 
1913 was able to gather 95 cases from the literature. The etiology and 
mortality in these cases are shown in Table I. Von Mikulicz-Radecld 3 


Table I 

Collected Cases to 1913 (Ludwig) 


ETIOLOGY 

NO. OF CASES 

DEATHS 

UNKNOWN 

MORTALITY 


Adhesions 

28 

17 

2 

65% 


Volvulus 

13 

9 

1 

75% 


Invagination 

4 

3 


75% 


Pregnancy 

10 

4 

1 

44% 


Hernia 

7 

3 


43% 


Miscellaneous 

33 

13 


39% 



(Including tumors, 
cysts, exudates, etc.) 


Total 95 49 4 54% 

collected all the reports from 1913 to 1926 and found 74 cases, to which 
he added 7 more from his own clinic. These are summarized in Table II. 

Table II 

Collected Cases 1913-1925 (Mikulicz-Radecki) 


ETIOLOGY 

NO. OF CASES 

DEATHS 

UNKNOWN 

MORTALITY 

Adhesions 

Volvulus 

Invagination 

Tumor 

Pregnancy certain 
Pregnancy uncertain 
Unknown 

15 

34 

3 

4 

10 

8 

G 

G 

14 

3 

2 

2 

4 

G 

40% 

47% 

100% 

50% 

20% 

Total 

SO 

27 

10 

39% 


Becelved tor publication, August 27, 1936. 
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be remembered that the evident edema of the subcutaneous tissues is 
but an external manifestation of a genera] process and as such re- 
quires active therapy if the patient is to survive. 

Therapeutic procedures include transfusion, salt restriction, adminis- 
tration of acacia and a high protein diet. Liu, Chu, Wang, and Chung 14 
had a remarkable opportunity to test the powers of various foodstuffs in 
regeneration of the plasma proteins. They concluded that 1 gm. of 
animal protein was equivalent to 2 gm. of vegetable protein. So_y beans 
seem to be the exception to this. Indeed, McNaught and his coworkers 15 
maintain that it is the best food for rapid regeneration of the proteins. 

As prophylaxis against edema formation Jones and Eaton, 0 in their 
excellent clinical paper, warn against too free an administration of 
alkali in ulcer patients. They recommend also that not over 3,000 c.c. 
of normal saline solution be given daily. They suggest determinations 
of blood plasma proteins in all patients in whom there is a possibility 
of liypoproteinemia. It must be stressed, however, that a dehydrated 
patient may show normal or even high plasma proteins. Yet once the 
dehydration is overcome, the patient may be found to be hypopro- 
teinemic and may be edematous. 


•SUMMARY 


We have presented data on the effect of a reduction of the serum 
proteins on the gastric emptying time. In general, the gastric empty- 
ing time increases as the serum proteins decrease in concentration. 
This is true whether the stomach is intact, or whether it has been sub- 
jected to a short-circuiting operation. The prolongation in gastric 
emptying time is associated with edema of the gastric wall. The im- 
plications of these findings to the surgeon are pointed out. 
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small gut displacement would not come into play. One of the two eases 
recorded in Table III was due to an epigastric hernia and the other to 
an umbilical one. 

In comparing Tables I, II, and III one notices the greater frequency 
with which pregnancy per se appears as an etiologic factor in cases re- 
ported from 1926 to 1936. This is probably not a true state of affairs, 
but due to the great interest shown in this subject by the German 
authors. It is very likely that many cases of obstruction due to the usual 
etiologic factors, such as adhesions, tumors, volvulus, etc., have not been 
considered of sufficient interest to report in later years. Therefore, the 
relative incidence of 10 cases due to pregnancy itself out of 95 cases 
(Ludwig’s 2 statistics) is a more accurate incidence than 28 eases out of 
66 (Eliason and Erb). 

These cases of true “pregnancy ileus” have nearly all been proved by 
excluding other causes either by laparotomy or autopsy. Only a few 
of them have been accepted as true cases on the clinical course or on the 
basis of complete relief following emptying of the uterus. The site of 
obstruction in all the cases has been low in the sigmoid, approximately 
where the sigmoid crosses the innominate line. 

Why pressure from the pregnant uterus should cause obstruction in a 
very small percentage of pregnancies and not in others, where the same 
factors appear to be present, is an enigma. Many interesting facts and 
theories have been advanced to explain this phenomenon. One interlying 
factor common to all cases is that in pregnancy the female is even more 
constipated than usual. If, to this manifest lack of tone, other ele- 
ments are added, one can conceive that the pressure of the pregnant 
uterus completes the picture. In other words, the pressure of the preg- 
nant uterus itself would be unable to produce obstruction in a normal 
person. Two of these extraneous factors are clearly illustrated in 
Cases 1 and 2. In Case 1 the patient had a mcgacolon, while in Case 3 
the paresis following a laparotomy may have so interfered with in- 
testinal motility that the pressure of the pregnant uterus was sufficient 
to result in complete obstruction. Mechanical factors, such as 2 retro- 
flexed uterus, 17 hydrocephalus, 27 hydramnios, and a congenital adhesion 
in a case of Leonard’s 1 which bound the sigmoid to the lateral pelvic 
wall and prevented its displacement, are also factors which come into 
play. 

The theory of atonia or disturbance of the vegetative nervous system 
has its strongest supporters in Stocckcl 4 and his school. It is discussed 
especially in relation to the 9 cases in the literature, 3 ’ 22 > 25 - 20 < 30 > 43 < 44 in 
which in addition to an ileus a preexisting severe pyelitis was present. 
In these cases there was marked stasis and dilatation of ureters, as shown 
by urograms. Whether this retroperitoneal inflammation was a predis- 
posing cause to a partial paralytic ileus or whether this atony of the 
ureters is part of some pathologic disturbance is open to conjecture. 
Some authors even suggested that the intestinal stasis came first, with 
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Since then, 63 cases have been reported, to which the authors have added 
3 from their own experience. Table III shows an analysis of these. 


Table III 

Collected Cases 192o-193o (Eliason and Ebb) 


ETIOLOGY NO. OF CASES 

DEATHS 

MORTALITY 

Adhesions 

14 

o 

21% 

Volvulus 

11 

4 

•'!()% 

Tumors and evsts 

7 

o 

29% 

Paralytic (inflammatory) 

4 

2 

.10% 

Hernia 

2 

- 


Pregnancy 

2S 

<> 

11% 

Total 

(hi 

14 

21% 


A review of these figures emphasizes at once the great frequency with 
which adhesions and volvulus appear as the cause of the obstruction and 
the infrequency with which strangulated hernia appears. 

The cause for this can he explained very logically. The great distor- 
tion caused by the growing uterus would naturally change the normal 
relationships of the abdominal viscera. Adhesions, therefore, which 
had previously been of no significance, now cause kinking of the bowel 
and eventually obstruction. This assumption is further confirmed by the 


Table IV 


I levs in Relation to Month or Phegnancy 


month 

LUDWIG 

M I KULICZ-UADEC KI 

KLIASON AND EKB 

TOTAL 

1 

0 

0 

0 

0 

2 

i 

2 

1 

4 

;; 

5 

i 

0 

(i 

4 

9 

3 

6 

IS 

5 

0 

7 

13 

29 

G 

7 

12 

S 

27 


s 

9 

() 

23 

s 

s 

5 

11 

24 

9th and birth 

20 

17 

19 


Puerperium 

11 

11 

o 

27 


incidence of obstruction in relation to the month of pregnancy (Table 
IV) Both Ludwig 2 and Mikulicz-Itadeekr found that there were three 
periods during gestation and puerperium when obstruction was more 
likely to occur: (1) during the fourth and fifth months of pregnancy 
when the enlarging uterus no longer remains a purely pelvic organ, 
(9) during the eighth and ninth months when the fetal head again de- 
scends into the pelvis, and (3) during delivery and the early days of 
the puerperium when there is a marked change in the size of the Uterus. 
These three periods represent the times when there is likely to he the 
most disturbance of the normal inlraabdomnml relationships. 

<?»w.nmilated hernia rarely appears as a cause of intestinal obstruc- 
• S fndww 2 and Mikulicz-Kadecki attribute the displacement of 

- rsstt * — - 
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in the small intestine. The site of obstruction is shown by the barium 
enema to be located at the rectosigmoid junction when due directly to 
pregnancy. Great care must be exercised in diagnosing obstruction 
due to pregnancy in patients with previous laparotomies, because of the 
likelihood of adhesions. 

Every one is agreed that immediate laparotomy following adequate 
preoperative preparation is the treatment of choice in those cases in 
which the pregnancy is not the etiologic cause. Several different plans 
of treatment., however, have been advanced in cases in which no other 
cause for the obstruction is found. In discussion of this phase of the 
problem, it was thought worth while to present the following three cases 
in detail: 


Case 1. — C. S., aged thirty-five years, had an appendectomy in 1927. Date of 
last period was Sept. 20, 1933. In the third month of her pregnancy she had lower 
abdominal cramps with bloody discharge, which was diagnosed as threatened abortion. 
She recovered completely, however, and was perfectly well until three days before 
admission. Admitted to the Obstetrical Service of Dr. Charles C. Norris, March 3, 
1934, at 8:30 r.M. with history of three days’ constipation and generalized lower 
abdominal pain. On the morning of admission she had taken an aperient with no 
result. Temperature was 99° F., pulse 80, and respirations 24. Abdomen was dis- 
tended and peristalsis moderately active. No tenderness or rigidity present. The 
uterus was the size of a five months’ pregnancy. Six hours later, enemas were re- 
peatedly unsuccessful and distention had increased. The patient was becoming stu- 
porous. Fluids were given by hypodermoclysis and intravenously. Wangensteen suc- 
tion was started. An x-ray of the abdomen in the morning after admission revealed 
gaseous distention of the colon with no gas in the small intestines. Barium enema 
showed a complete obstruction at the junction of the sigmoid and rectum. Patient 
was transferred to the surgical service. Findings on admission to surgical service 
were: temperature 100.2° F., pulse 9S, respiration 19, blood pressure, 134/76. 
Patient intermittently rolled about the bed moaning and groaning with pain. 
Abdomen was markedly distended, literally “tight as a drum.” Peristalsis was in- 
frequent, and when heaTd at all it was definitely tinkling and hollow in character. 
Percussion was not tympanitic. It was thought unwise to attempt more than a 
eecostomy. This was done according to the VYitzel technic on March 4, 1934. Fol- 
lowing this, the patient improved somewhat, though considerable difficulty was still 
experienced in combating the distention in the large bowel. Because of this, it was 
decided to sacrifice the child in order to facilitate further surgery, for at this 
time the diagnosis was carcinoma of the rectosigmoid. After failure of medical in- 
duction, a surgical induction of labor (introduction of a Voorhees bag) was at- 
tempted on March 13. Patient was finally delivered of a twenty-five-week-old fetus 
on March 15. On March 20, she had a normal bowel movement. Barium enema on 
March 27 was negative. Sigmoidoseopie examination on April 2 was negative. The 
eecostomy tube was now clamped for three days and then removed. Convalescence 
was uneventful. On September 17, 1935, one and a half years later, a barium 
enema revealed a megacolon bolding 4,000 c.e. of barium with ease. She has re- 
mained perfectly well except for chronic constipation. 


iscussion.~~Al the time of the first x-ray report of obstruction at the 
rectosigmoid junction, the pregnancy itself as an etiologic factor did 
not enter into the differential diagnosis. It was then the belief of the 
x-ray department, as well as of the surgical staff, that pregnancy per 
so did not cause obstruction. It was thought that the most likely 'cause 
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flooding of the system with colon bacillus resulting in pyelitis (in 8 out 
of 9 eases the organisms recovered from the urine were colon bacilli). 
The probability that this atonia is due to some disturbance of innerva- 
tion is further strengthened by the fact that in two cases 20 ’ 30 in which 
a cesarean section was done to relieve the obstruction due to the preg- 
nancy, a subsequent hysterectomy had to be performed because of hem- 
orrhage resulting from failure of the uterine muscle to contract. 

The mortality figures in Tables I, II, and III demonstrate that therapy 
in reported cases has not been very successful. Case histories show that 
probably the most important factor in maintaining this high mortality 
rate has been delay in adequate treatment. Mikulicz-Radecki 3 attributes 
the drop in his statistics to 39 per cent from 54 per cent in Ludwig’s 2 
to more prompt consultation with a surgeon. This mortality rate has 
still further been improved, so that at present it is 21 per cent. If one 
is alarmed at the high maternal death rate, there is still further cause 
for alarm in the higher fetal death rate, which the earlier authors said 
varied between 66.6 per cent and 75 per cent. Unfortunately, the same 
degree of improvement is not shown in later years as in the maternal 
mortality rate, so that in 62 cases in our series in which the outcome as 
to child is mentioned only 31 or 50 per cent of the children survived. 

Delay in treatment is much more likely to occur in ileus accompanied 
by pregnancy than in ileus in a nonpregnant person. Many of the 
cardinal symptoms of obstruction, with no pathologic significance, arc 
found during a normal gestation. Constipation is the rule in the fe- 
male, and this is more true during pregnancy. Furthermore, the nausea 
and vomiting of early pregnancy is also a confusing factor in the first 
four months, but fortunately very few cases of obstruction occur at this 
time. A differentiating feature between nausea and vomiting of early 
pregnancy and that of obstruction is the fact that the abdomen is sunken 
and not distended in the former. Later, during labor, one might readily 
mistake the crampy, colicky pain of an intestinal obstruction for normal 
labor pains. There are many reasons for the delay, though these reasons 
should not excuse it, because if the possibility of obstruction is consid- 
ered, the differential diagnosis can be made. 


Once the diagnosis of obstruction in pregnancy lias been made, it 
must be decided most promptly whether the obstruction is due to preg- 
nanev itself or to some other factor. The following facts should be 
borne in mind in making the differentiation. Obstruction due to preg- 
nev is low in the intestinal tract and is simply an occlusion. The 
1U toms therefore, develop slowly and often when first seen the patient 
!;n?nlv complains of failure to have had an adequate evacuation for four 
f ■ h vs Distention quite frequently dominates the picture. This 
or “ ve fnJ " / jn ,. nu trnst to volvulus or strangulation due to ad- 
state of a tai ■ • agonizing constant pain accompanied by shock 

hesions. v 10,1 s ' , . The x-ray. which is invaluable in helping to 

make tllo aiUeiy «U iat ion , 'shows gas in the large intestine and later also 
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Peristalsis was hyperactive. Uterus was about the size of a four months’ preg- 
nancy. After a diagnosis of intestinal obstruction was made, she was given an x-ray 
examination to confirm the opinion and determine the point of obstruction if possible. 
By x-ray there was thought to bo an obstacle at the region of the junction of the 
rectum and sigmoid. By changing the position of the patient on the table, barium 
passed into the remainder of the colon. The rectum and sigmoid appeared to be 
displaced as though they were riding over a mass. Following the suggestion of 
Dr. Pendergrass, the patient was given a soapsuds enema while in the knee-chest 
position. This was very effectual for feces and flatus and, in addition, relieved her 
of all her symptoms. She was kept under observation for two days and then dis- 
charged. She was delivered at term of a full-term living child. Colon by barium 
enema eight months later was reported as negative for any lesion. 

Case 3.— D. C., from the service of Dr. J. Vernon Ellson, Delaware County Hospi- 
tal, white primipara, aged twenty-six years. Last period was on Oet. 20, 1935. 
During early pregnancy she was confined to bed with nausea and vomiting which, 
however, subsided in December. She was admitted to the hospital on April 3, 1930, 
with pain in her right lower abdomen. She had been nauseated and vomited four 
times the day of admission. In addition to this her bowels had not moved. The 
only other symptom of interest was burning on urination. Physical examination 
showed an adult female, not acutely ill, apparently six months pregnant, uterus at 
umbilicus, temperature 99°, pulse 82, respiration 20, blood pressure 110/64. The 
finding of tenderness over McBurncy’s point and spasm of the right lower rectus plus 
a leucocyte count of 13,800 with 77 per cent neutrophiles suggested a diagnosis of 
acute appendicitis, which was confirmed at operation. Her nausea and vomiting did 
not subside, however, and abdominal distention appeared. Vomiting increased in 
severity. An enema returned colored -water, but did not relieve patient’s symptoms. 
An x-ray examination on April 9, six days after appendectomy, was reported as 
follows: “A scout film shows marked distention of the large intestine and mod- 
erate distention of the small intestine. These organs are displaced in the usual 
manner due to a large gravid uterus, which is deflected somewhat toward the left 
side. The air in the colon diminishes and ends just above the brim of the pelvis. 
Barium enema easily filled the rectum and sigmoid to the level of the pelvic brim. 
There was slight delay at this point, then the barium passed beyond into the dis- 
tended descending colon. With the patient lying on her back there is a pressure 
defect on the sigmoid at the pelvic brim. There is no evidence of any organic lesion 
at this point.” 

The patient was too ill and too distended to be placed in the knee-chest position. 
Therefore an enema was given with the patient lying on her right side and abdomen, 
and the foot of the bed elevated about eighteen inches. This resulted in expulsion 
of gas and barium. Distention subsided and vomiting became much less pronounced, 
and it also stopped shortly. The patient was discharged from the hospital April 17, 
with pregnancy uninterrupted. Progress of pregnanev uneventful to date, June 7 
1936. 

Discussion . — Cases 2 and 3 illustrate the value of change of position 
to relieve pressure of the pregnant uterus on the sigmoid. This plan 
of therapy was thought to he original with the writers until it was 
found that Fleischhauer 5 mentions two successful eases and gives credit 
to Texiere as being the first to have suggested the idea. Halter 22 and 
Graff- 1 also advise the knee-elbow position, but fail to mention any re- 
sults obtained. Kemkes 28 reports an unsuccessful case; however, at 
laparotomy a ruptured uterus was found, with abdominal child occluding 
the colon at the hepatic flexure. Another interesting ease which would 
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for the obstruction was an annular neoplasm of the rectosigmoid junc- 
tion. Because of the marked distention and the poor condition of the 
patient, it was deemed homicidal to attempt to attack the point of ob- 
struction, and therefore a cecostomy was done with the hope of preparing 
the patient for a resection of the malignant growth at a later date. 
Following the cecostomy, the discussion arose as to which of the follow- 
ing three was the proper procedure: (1) to allow pregnancy to go to 
term and after delivery to attempt radical surgery, (2) to do a lap- 
arotomy as soon as condition warranted and ignore the pregnancy, (3) 
to do a therapeutic abortion followed by laparotomy. The cecostomy did 
not function sufficiently well to warrant the first procedure. In ad- 
dition, there was fear of metastasis (as carcinoma was thought to be the 
cause of obstruction) while we waited four months for the normal end 
of gestation. The size of the uterus would have made the second plan 
exceedingly difficult technically. Besides increasing the risk to the 
mother, it was felt that probably the fetus would be lost by abortion as 
a result of the surgical intervention. Therefore it was decided to follow 
the third plan of attack as outlined above. 

The question might be asked as to how this diagnosis could have 
been made earlier and thus the life of the fetus saved. The knowledge 
that pregnancy sometimes causes obstruction would certainly have aided. 
Dr. Pendergrass, the roentgenologist, then suggested that if another such 
case woidd arise, it might be worth while to attempt an enema in the 
knee-chest, position, in this way releasing the obstructed bowel from 
the pressure of the pregnant uterus. Keeping this in mind, it was our 
good fortune to he presented with a somewhat similar case nine months 
later and still another a year after that. 


Cask 2. — E. L., aged twenty-two, primipara, gave u history of previous ap- 
pendectomy. Catamenia were normal. Last period occurred duly 20, l'KM. There 
was slight nausea and vomiting in the afternoon during the early months of preg- 
nanev but this had ceased two weeks before admission. At 7 A.M., November 2, 
the day before admission, the patient got out of bed and became nauseated 
and vomited. This was accompanied by intermittent griping pains in the epigastrium. 
, - on return to bed she felt relieved. She repeated this several times during the 
mornin*' Six hours after onset, following an attempt to eat milk toast, her symp- 
toms became more severe in spite of maintaining the supine position; Singultus be- 
an The pain increased in severity. Vomitus changed from pure gastric, contents 
and became tinged with green. Her family physician was promptly called. He 
advised an enema and pave her a hypodermic. Thin relieved the pain considerably. 

* 

onem a 
given 


1 . ...turned with small amount of feces. Pain and vomiting returned and 

enema was reiurmu _ . 

eneated. Again, this was only slightly effectual. Another enema was 

' m ''T which "also did not” relieve the patient. Because of the persistence of nausea, 


.waiting, and intermittent pain, she was referred 
IZr et. With a tentative diagno,s of m.cs , n , 


to the hospital, eighteen hours 
1 obstruction. Findings on nd- 



revealing also visible I*e n 
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itself is a rare cause for the obstruction, it is not as infrequent ns one 
might suspect from consulting standard lexl books on surgery and ob- 
stetrics. 

Three additional cases are reported in which probably the pregnancy 
per se was the etiologic factor. 

A conservative method of treatment (change of position) has been 
advanced and precautions discussed which should be followed. 
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tend to support, this plan of treatment is that of Hornung. 0 This pa- 
tient developed obstruction during labor and intervention was postponed 
with the hope that the ileus would be relieved with the emptying of the 
uterus. After observing the patient for three hours after delivery and 
failing to note satisfactory improvement., a laparotomy was decided upon. 
At operation, distention of both large and small bowel was found. The 
distended large loop having been traced into the pelvis, the uterus had 
to be lifted. There was prompt evacuation of both flatus and feces on 
the table, with collapse of the distended bowel. Following the laparotomy, 
she made an uneventful convalescence. Steinitz 40 reports a similar case 
in which the obstruction corrected itself during preparation of the 
patient for a cesarean section. One might assume that these two cases 
could have been successfully treated by the knee-chest position. 

The question, whether to terminate the pregnancy by the vaginal route 
or do a laparotomy, arose in past discussions. This should no longer 
be a point of debate. If the obstruction is not relieved by a high enema 
with change of position, a laparotomy is clearly indicated. If after the 
laparotomy, the obstruction is found to be due to the pregnancy itself, 
and the child is viable, the indication for a cesarean section is a clear 
one. If the child is not viable, it still would seem to be the safer course 
to empty the uterus, though possibly one might be able to correct the 
point of pressure by manipulation with the hand in the peritoneal 
cavity. Furthermore, if one had proved that there was no other cause 
for obstruction, it would be perfectly safe to empty the uterus by the 
vaginal route if symptoms did not subside following laparotomy. At 
operation, Senncwald 43 - 44 suggests the insertion of a long rectal tube 
past the point of obstruction, with the aid of intraabdominal manipula- 
tion. This procedure seems to be of special value in cases in which the 
child is not viable and one hesitates to empty the uterus. 

Any form of treatment except immediate laparotomy meets the 
criticism of the danger of delay, especially if the obstruction later proves 
to be due to volvulus or adhesions. This danger can be minimized if 
one bears in mind the previously mentioned differential points in symp- 
tomatology and the great value of the x-ray. Furthermore, preparation 
for laparotomy should be made while conservative measures arc being 
tried or as Dietrich 7 stated, “mit dein Messer in del- Hand.” The old 
xiom that an effectual enema is one that relieves the patient of his 

symptoms rn ^ icr than one effectual for gas or feces will further protect 
ti,e surgeon from needless delay. 

SUMMARY 


• - of the literature on intestinal obstruction complicating 

A. reuew (1 \ t he difficulty of diagnosis, (2) the high 

rternal nnd still higher fetal mortality, and C-i) that though pregnancy 




15 cm. jejunal loop 10 cm. anemic jejunal loop 

Fig. 1. — Cat 3630. Fifteen-centimeter jejunal loop obstructed between tapes. Survi- 
val 15 hours. Graph indicates decrease in weight, and rise in blood density. Two- 
hourly determinations of potassium show fluctuation above normal, with a 100 per 
cent increase before death. Loop contents : 77.2 mg. per cent potassium. 

Cat 3635. Ten-centimeter anemic loop of jejunum between tapes. Survival 48 
hours. Weight loss was 8.7 per cent. Fall in potassium to below normal, with a 
50 per cent rise above normal during the last day of life. Rise in blood density pre- 
ceded rise in potassium. 
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Fig. 2. Cat 3631. Twenty-centimeter loop of jejunum strangulated by tape. 
Survival 30 hours. Progressive weight loss of 10.5 per cent. Blood density increased 
during first 6 hours and remained constant at this level. A 150 per cent increase in 
potassiumduring first 6 hours, followed by fluctuations with a rise to 230 per cent 
above normal during last 8 hours. p cent 

Cat 3635. Fifty-centimeter loop of jejunum and ileum strangulated bv tane 
fl™irmf„a!°ri r S 0 ^ Per cent. Fall in bloSd denTity Vi^a 

level of 33 " m? £? h m b J- ood Potassium during first 3 hours, with a mean 
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POTASSIUM IN ACUTE INTESTINAL OBSTRUCTION 


John Scudder, M.D., Raymund L. Zwemer, Ph.D., and 
RichardTruszkowski, ]\I.Sc., Ph.D., M.D., New York, N. Y. 

(From the Departments of Anatomy, Surgical Pathology and Surgery of Columbia 
University, College of Physicians and Surgeons, and of the Presbyterian Hospital) 

A CUTE intestinal obstruction and adrenal insufficiency have many 
features in common. 1 In each, the cause of death has been vari- 
ously ascribed to dehydration, electrolyte loss, or to an unknown toxin. 

A series of researches by Zwemer and Truszkowskr' 5 have demon- 
strated that “the various known symptoms of corticoadrenal in- 
sufficiency may be explained in terms of a disturbance of cortico- 
adrenal-potassium interrelations.” In particular, the liyperpotasseinia 
of certain phases of adrenal insufficiency was found to be of the same 
order as that associated with toxie symptoms in animals subjected to 
experimental chronic potassium poisoning. 

It was therefore felt that the variations in blood potassium follow- 
ing acute intestinal obstruction should be investigated. 


experimental material and methods 


Eight eats were used in the experiments; in 4 the intestines were 
obstructed with jejunal loops of various lengths and the remainder 
had simple obstructions at different levels of the alimentary tract 
(Table 1). Aseptic technic, ether anesthesia, a midabdominal incision, 
and a minimum amount of handling of the viscera, allowed the animals 
to recover, with no sign of shock, within an hour of the operation. 
Cotton tape was used in making the obstruction and silk for closure. 
There were no complicating wound infections. 

Blood potassium was determined by Truszkowski ami Zwcmer’s” 
method for 0.2 ml. of cal whole blood. Whole blood determinations 
are permissible in the cat, since the potassium content of cells and 
plasma is similar and rise and fall logethcr. Blood density was 
determined by the falling drop method of Barbour and Hamilton.*- r 
The values given on the charts and in the protocols represent the 
means of two or more determinations. 
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SCUBBER ET AB. : POTASSIUM IN INTESTINAL OBSTRUCTION I I 

Autopsy: Peritoneal fluid was abundant and reddish in color; the ligatured loop 
was distended and filled with reddish, foul fluid; the color of the mesentery and 
intestine was greenish black; the small intestine below the obstruction was collapsed; 
the stomach and duodenum were markedly distended; there was no peritonitis. 

In Cat 3C35, strangulation of a 50 cm. loop of jejunum and ileum was effected 
by means of a tape passed around the base of the mesentery, permitting arterial 
inflow but preventing venous return. Blood potassium and density were followed 
hourly. The latter fell rapidly during the first six hours, with a terminal small 
concentration. The potassium fell from an initial value of 27.7 mg. per cent to 
below normal by the third hour; it then rose to 37.6 mg. per cent and fluctuated 
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Table I 

Types op Obstruction' With Survival Time 


1. Strangulation of a 50 cm. loop below the ligament of Treitz. 

Cat 3035. 9 hr. 

2. Closed 15 cm. jejunal loop. Veins ligated. Mesentery cut to 

prevent collateral return. Arteries intact. Cat 3030. 15 hr. 

3. Strangulation of 20 cm. jejunal loop below the ligament of 

Treitz. Cat 3031. 30 hr. 

4. Closed 10 cm. jejunal loop with arteries and reins ligated. 

Lymphatics also blocked. “Anemic loop.- -1 Cat 3032. 4S hr. 

5. Simple obstruction of esophagus at cardiac juncture. Cat 

3030. SO hr. 

0. Simple obstruction of duodenum 3 cm. below ampulla of 

Vater. Cat 3039. 124 hr. 

7. Simple obstruction of duodenum 2.5 cm. below ampulla of 

Vater. Cat 3G3S. *170 hr. 

S. Simple obstruction of transverse colon. Cat 3034. f23rd day 

•Killed at 176 hours, as cat was moribund. 
tAbdomen opened on twenty-third day. Animal killed. 



days Transverse colon obstruction 


j,'lp a. — Cat 363 1. Obstruction of transverse colon with tape. Abdomen reopened 
on twenty-third day. sliowinc colon partially obstructed. This coincided with stools 
after the fourth day. rrouressivc decrease In weight, with a 17 per cent loss. Con- 
centration of blood with subsequent dilution and a ilnal Increase in blood density. 
Blood potassium fell durinc tlrst 3 days with a rise on the seventh day. followed 
bv a lc'vel 73 irer cent above normal. 


In another cat (3032), a 10 cm. jejunal loop was formed between tapes as in 
the first experiment. The arteries, veins, and lymphatics were ligated, thus forming 
•m anomic loop (see protocol). The survival time was -IS hours. The rise in blood 
density occurred sooner than the final rise in blood potassium. Autopsy: The 
loon was found to be black, not ruptured; the ]>eritoneal fluid was reddish and 
abundant; the lungs were pink and collapsed; the heart was in dinstole. 

£ The two other animals of this group had strangulation of jejunal and upper 
1 l" loons In the first (3031) a 20 cm. jejunni loop was formed by ligating the 
be f the mesentery with tape. Tiie constriction permitted arterial flow lmt 
tiasc 0 ’ rtinnd potassium and density were followed hourly, and lluetuat 

not venous n urn - marked. The blood density reached its peak in 0 hours 

(ions in t ie 0 . j, u ,| .hath. The weight fall was progressive except 

and remaine. a - ^ ^ ^ animal water. Tlw terminal rise of potassium to 

for one rise after S 1 '"' 1 - , , ; this first group. Tat .-urvhed 30 hours. 

00 mg. law cent was the high-. 
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blood for forty-eight hours, with a subsequent dilution. This was paralleled by a 
rise and fall in potassium. On the fourth day after the operation the general con- 
dition of the cat suddenly improved, which was coincident with the passage of a 
stool, signifying reestablishment of the continuity of the alimentary tract. 

S. Cat 3G3S had its duodenum obstructed 2.5 cm. below the ampulla by means 
of a tape. Potassium and density were determined twice daily. The train of 
symptoms developed slowly. Vomiting occurred only twice during the first forty- 
eight hours. Prostration was marked during the last two days, and moderate bleed- 
ing from the buccal cavity was observed. The animal was hilled after 17G hours, 
as it was moribund. The -rises in potassium and density were practically constant. 
Autopsy: A greatly dilated stomach and duodenum; collapsed small intestine; there 
was no peritoneal fluid nor sign of inflammation; the lungs were pink, collapsed, 
and free from consolidation; the heart was in diastole; weight loss 21.2 per cent. 

The duodenum was obstructed 3 cm. below the ampulla of Vatcr in Cat 3G39, 
as in the previous cat. Blood potassium and density were followed twice daily. 
The rises in potassium and density were practically parallel. Vomiting occurred 
more frequently than in Cat 3G3S. A sample of vomitus taken 120 hours after liga- 
tion contained 25-1 mg. per cent of potassium, at a time when the blood potassium 
was 3S.5 mg. per cent. Survival 130 hours. Weight loss 14.0 per cent. 

C. In Cat 3G36, the esophagus was ligated through an upper midline abdominal 
incision at its juncture with the enrdia. The postoperative course was punctuated 
with repeated vomiting of frothy fluid. The rise in potassium was the most con- 
stant in this experiment, and the blood density reached its highest figure. The 


PiiOTOcm 2 

Cat 3632. Female. Weight, 3.572 Kilos. Closed Jejunal Loop, 10 cm. With Arteries 
and Veins Tied. "Anemic Necrosis." 




TIME 



BLOOD 

[ BLOOD 

DATE 

TIME 

AFTER 

CONDITION AND REMARKS 

WEIGHT 

DEN- 

K 



OP. 


% LOSS 

SITY 

MG. % 

Aug. 







8 

12:30 r.M. 

0 

Good; blood from ear 

~ 

1.0484 

- 

9 

12:30 r..w. 

0 

Good; blood from ear 

- 

1.0479 ) 


10 

1:00 r.sr. 


Active and healthy; blood sam- 


1.0490 | 

17.3 




pie from ear 

: 

1 



1 :30 r.M. 


Obstructed by tapes under ether 





1:45 r.M. 

15 min. 

Blood from ear 


1.0500 | 

- 


5:05 r.M. 


Breathing rapidly, 120; vom- 


1 





ited ; refuses fluid 


j 



8:30 r.M. 

7 hr. 

Blood sample from ear 


1.0477 ' 

19.5 

11 

8:00 A.M. 


[Lies on side; refuses food; res- 
pirations slower, 50 




f 

11:15 A.M. 

22 hr. 

Blood sample from ear 

3.9 

- 

15.9 


4:30 r.M. 

27 hr. 

Hind legs weak; tumor mass 

4.0 

1.0533 

12.5 


G-.OO r.M. 


felt in abdomen; vomited; 
blood sample from ear 






Vomited blackish fluid 





8:45 r.M. 


Urinated; resp. 74 




12 

9:00 a.m. 

45 hr. 

Unable to stand ; vomited dur- 

8.7 

1.0587 

29.6 



47 hr. 

ing night; res p. 72 





12:15 r.M. 

Lying stretched out ; body cold ; 







unable to raise head; vom- 





4:15 p.m. 


ited 

1 Found dead 





Autopsy: Loop black; not ruptured; peritoneal fluid abundant and reddish 
color. Stomach ddatod. Intestines collapsed; large bowel filled vi h d fe o 
Thoracic cage contained no fluid; lungs collapsed, pink. Heart in d ias ole Ka 
neys pale, tense, and swollen. Bladder distended Adrenals soft," /an co or 
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in this high range until (loath. The course of symptoms was rapid, with profuse 
vomiting, prostration, air hunger, and a terminal generalized convulsion just before 
death. The survival time was 9 hours. Peritoneal fluid removed immediately after 
death had a potassium content of 03 mg. per cent, while that of the contents of 
the obstructed loop was 131 nig. per cent. Autopsy: Peritoneal cavity contained 
a greenish red fluid; the ligated loop was distended and filled with a foul reddish 
black fluid; the intestines below the obstruction were contracted; proximal duodenum 
and stomach were dilated; the lungs were collapsed, pink, and showed no consolida- 
tion; the heart was in diastole anil practically empty of blood. 

Group II includes cats with simple obstruction at different levels. 

A. The transverse colon of Cat 3034 was obstructed by ligature with tape. Blood 
potassium and density were determined twice daily for 4 days; daily for 4 days; 
and then every fourth day until the abdomen was reopened on the twenty-third 
day. Inspection of the colon showed hypertrophy and dilatation of the proximal 
part. The patency of the bowel had partly reestablished itself, permitting the in- 
troduction of a probe at the site of obstruction. There was a concentration of the 

Protocol 1 

Cat 3G30. Male. Weight, 3.543 Kilos. Closed Jejunal Loop, 15 cm., With Veins 
Ligated and Mesentery Cut so as to Prevent Collateral Venous Circulation. 

Arteries Intact. 




TIME 
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1 IH.OOI) 

BL001> 

DATE 

time 

AFTER 

CONDITION' AND REMARKS 

WEIGHT PENT- 
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SITV 
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immmm 



KaK 

1 : 00 r.M. 

0 


- 

1.04S0 

~ 

ia 

10:00 A.M. 

0 


- 

1.0524 

- 

mfflm 

1:00 r.M. 

0 


_ 

1.0502 

27.5 


2:10 r.M. 
4:25 r.xt. 

2 hr. 

Obstructed under ether 
Recovered ; vomited twice 
Vomited; listless; blood sample 

2.4 

IB 

20.3 


0:20 r.M. 

4 hr. 

3.0 

3.052S 

31.8 




from ear 


I 



8:30 r.M. 

0 hr. 

Sitting with head down; wound 

3.2 

1.0542 

27.(> 




bulging; blood sample 
from car 





10:30 r.M. 

S hr. 

Crouching; hind leg weakness; 

3.(1 

1.055S 

no •> 

• Ism'* 




sample of blood from ear 




IS 

12:30 a.m. 

10 hr. 

Walks with unsteady gait; di- 

•1.1 

1.0505 

25.0 



arrhea; blood sample from 







car 





2:30 A.M. 

12 hr. 

Lying down; dry skin; hind 

4.4 

1.0504 

28.7 



leg weakness; peripheral 
blood very thick and 
scanty; heart blood had to 









be taken; water given 





■1:30 a.m. 

1-1 hr. 

Temp. 90° rectal; reap. 120; 

4.8 

1.0558 

39.3 



lying stretched out; doe* 
lint respond to sudden loud 
noise; blood samples from 








ear and heart 





5:15 A.M. 

15 hr. 

Grunting respiration; twitch- 

4.8 

1 .0573 

•j'j 


itig nf legs; unsteady gait; 
-light convulsion; periphe- 









ml Mood not obtained; 
heart blood 


! 



5: IS A.M. 

Ulead. Loop content- lit jtu-j 

| ' top-y. 77.2 .1 

j 

fluid; t 
differs*! 

j 



Autopsy: Loop 

brownish Ted. bun 

Meek, not ruptured ; mWW< 
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in tliis high range until death. The course of symptoms was rapid, with profuse 
vomiting, prostration, air hunger, and a terminal generalized convulsion just before 
death. Tlie survival time was 9 hours. Peritoneal fluid removed immediately after 
deatli had a potassium content of G3 mg. per cent, while that of the contents of 
the obstructed loop was 131 mg. per cent. Autopsy: Peritoneal cavity contained 
a greenish red fluid; the ligated loop was distended and fdled with a foul reddish 
black fluid; the intestines below the obstruction were contracted; proximal duodenum 
and stomach were dilated; the lungs were collapsed, pink, and showed no consolida- 
tion; the heart was in diastole and practically empty of blood. 

Group II includes cats with simple obstruction at different levels. 

A. The transverse colon of Cat 3634 was obstructed by ligature with tape. Blood 
potassium and density were determined twice daily for 4 days; daily for 4 days; 
and then every fourth day until the abdomen was reopened on the twenty-third 
day. Inspection of the colon showed hypertrophy and dilatation of the proximal 
part. The patency of the bowel had partly reestablished itself, permitting the in- 
troduction of a probe at the site of obstruction. There was a concentration of the 

PROTOCOL 1 

Cat 3630. Male. Weight, 3.543 Kilos. Closed Jejunal Loop, .15 cm., With Veins 
Ligated and Mesentery Cut so as to Prevent Collateral Venous Circulation. 

Arteries Intact. 
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BI-OOD 
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15 

1:00 p.m. 
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- 
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Good 
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1:00 P.M. 

0 
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1 .0502 

27.5 


9:10 f.M. 


Obstructed under other 

2.4 

1.0521 

26.5 


4:25 f.M. 

, 2 hr. 

Recovered; vomited twice 





6:20 r.M. 

4 hr. 

Vomited; listless; blood sample 

::.o 

1.052S 

31.8 




from ear 





S:00 f.M. 

6 hr. 

Sitting with head down; wound 
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1.0542 

27.6 
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IS 

12:30 A.M. 

10 hr. 

Walks with unsteady gait: di- 

4.1 

1.0565 

25.0 



arrhea; blood sample from 







ear 





2:30 A.M. 

12 hr. 

Lying down; dry skin; hind 

4.4 

1.0564 

2S.7 



leg weakness; peripheral 
blood very thick and 
scanty; heart blood had to- 








be taken; water given 


i 



4:50 A.M. 

14 hr. 

Temp. 96° rectal; resp. 120; 
Iving stretched out; doe- 

■I.S 

1.0558 

59.3 



1 

lint respond to sudden loud 
noise; blood samples from 







ear and heart 

! 
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15 hr. 
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The results described in the present paper are in conformity with 
those of Murphy and Vincent 8 and others,* who found that animals 
with simple obstruction lived longer than those with interference of 
the vascular supply, and that the survival time in the latter varied 
inversely with the length of the occluded loop. Tn simple obstruction 
in experimental animals and in human beings, the higher the location 
of the lesion in the alimentary tract, the more rapid is the lethal out- 
come . 0 

Amussat 10 was the first to suggest that intestinal obstruction led to 
a general toxemia, and many subsequent workers have produced evi- 
dence in support of this view, particularly when strangulation is a 
complicating factor. The theories regarding the chemical nature of 
toxic substances are too diversified to be discussed in detail. One 


Protocol 4 

Cat 3635. Male. Weight, 2.779 Kilos. Strangulation of 50 cm. Loop of Jejunum 

and Ileum 


DATE 

TIME 

TIME 

AFTER 

OP. 

CONDITION AND REMARKS 


BLOOD 

DEN- 

SITY 


Sept. 

2 

10:00 A.M. 

0 


2.779 

1.0526 

27.7 


1:10 p.m. 

2:10 p.m. 

3:25 p.m. 

1 hr. 

2 hr. 

Operation ended; duration 15 
min. 

A r omited salmon; blood from 
ear 

Vomited several times; blood 

6.1 

1.0492 

1.0501 

22.2 

25.5 


4:25 P.M. 

3 hr. 

sample from ear 

Body cold; prostrated; vomited 

9.3 

1.0495 

17.3 


5:24 p.m. 

4 hr. 

much undigested food; 
blood sample from ear 
Hard distended loops felt; 

10.2 

1.0486 

37.6 


6:25 P.M. 

5 hr. 

prostrated; still vomiting 
Bulging coils of intestine felt; 

10.2 

1.0489 

30.2 


6:55 P.M. 

6 hr. 

prostrated; cold 

Lying on side; quiet; blood 

10.2 

1.0479 

36.6 


8:55 P.M. 

8 hr. 

sample from ear 

Body cold; air hunger 

Air hunger marked ; heart blood 
taken, as peripheral blood 
scanty 

Died after generalized convul- 
sion 

Autopsy done at death. Perito- 
neal fluid 

Contents of loop 

10.5 

1.0485 

25.0 


10:20 p.m. 

10:30 p.m. 

9 hr. 


1.0492 

36.4 

63.0 

131.2 


- ~ ' x . »»o.o uuunuaui auu icuuisu all UUlUI , JlgcILUreCl lOOUS 

distended and filled with reddish foul fluid; diameter of loop 2 cm. Mesentery and 
intestine were greenish black. Loop not ruptured. No peritonitis. Small intestine 
below obstruction collapsed. Stomach and duodenum markedly distended. Spleen 
shrunken. Liver bad nutmeg appearance. Kidneys pale, large, and soft. Adrenals 

der e 'distended C ° llaPSe<1 ’ P1D '’ and free from consoli dation. Heart in diastole. Blad- 

of Death r Ri C HI^ e obstructfon" Ardi^'sur^^^gisf flit C °° PCr ’ H ‘ S ' Cause 
Mclver. M. A. : Acute Intestinal Obstruction. New York. 1934, Paul B. Hoeber. Inc. 
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iveiglit loss was 17.1 per cent. Death in coma after 80 hours. Autopsy: No 
evidence of peritonitis; stomach, small intestine, and largo intestine were collapsed; 
the obstruction was complete at the cardiac end of stomach; esophagus dilated; 
lungs pink and collapsed, no consolidation. 

In these experiments, intestinal obstruction was associated with a 
rise in blood potassium to levels which have been shown to be toxic/’ 
In the animals with strangulation the high levels were reached within 
a few hours. The two eats with duodenal obstruction evidenced a 
steady rise in potassium. The animal with esophageal obstruction, 
however, gave the most consistent and sustained rise. There was 
hemoeoncentration in all the experiments save the one in which a 50 
cm. loop of the upper intestine had been strangulated. This may be 
ascribed to considerable loss of blood into the loop. The greatest in- 
crease in blood density was manifested in esophageal obstruction. 

Protocol 3 


Cat 3631. Male. Weight, 3.6S6 Kilos. Strangulation of 20 cm. Loop of Jejunum 

and Upper Ileum 
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to loss of digestive secretions, a conception elaborated upon by numer- 
ous subsequent workers. There exists, however, a twofold objection 
to the conclusions of these authors. First, in rabbits which do not 
vomit, the continued removal of accumulated secretions in the stomach 
from these animals with jejunal obstruction and the administration 
of sodium chloride practically double the survival period . 17 Second, 
in animals with esophageal obstruction, the same clinical course and 
the same biochemical findings are present in an even more striking 
form than in high intestinal obstruction. Workers who explain death 
in simple obstruction on a water or electrolyte depletion basis admit, 


Protocol 0 

Cat 3G3S. Hale. Weight, 4.S1S Kilos. Obstruction of Duodenum 2.5 cm. Below the 

Ampulla of Vatev 
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scliool, headed by von Albeck, I * * * * * * * * * 11 holds that tlie toxin is diffusible, while 
Kukula, 12 on the other hand, stated that the Chamberland filter re- 
moved it. Murphy and Vincent concluded that the toxic substance is 
destroyed by boiling-, is insoluble in water, and will not pass a Berke- 
feld filter. In their investigation of toxic fluid from the peritoneal 
cavity, Aird and Henderson 13 found at least two distinct toxic sub- 
stances: one a complex protein of the euglobulin type, probably of 
bacterial origin, and the other, a dialyzable substance of the nature 
of histamine. The apparent histamine content, of the transudate, tested 
pharmacologically on rat’s uterus and on guinea pig’s ileum, increased 
steadily in the first twenty-four hours. Slome and Knight 14 excluded 
the possibility of the latter substance’s being either histamine or 
acetylcholine, but confirmed the finding that the peritoneal fluid in 
cases of strangulation was, at the end of twenty-four hours, definitely 
toxic. It. is of interest that Van Beuren 13 demonstrated that the normal 
intestinal contents and mucosa were also toxic to laboratory animals. 

Hartwell and Hoguet 10 questioned the idea of toxemia and were first 
to formulate a definite theory that death from obstruction was due 

PnOTOcor. 5 

Cat 3034. Male. Weight, 3.2 Kilos. Obstruction of Transverse Colon 



1 1:50 l’.M. | 0 

S:0~ r.M 
2:15 r.M. 15 min. 
8:10 r.M. 01 hr. 
11:10 a.m. 21 hr. 
4:15 r.M. 201 hr. 
0:10 r.M. 28 hr. 
0:00 A.M. -13 hr. 
5:15 r.M. 51 hr. 
0:15 a.m. 07 hr. 
5:10 r.M. 75 hr. 
<1:00 A.M. K'5 hr. 
12:30 r.M. 108 hr. 

I 0:00 a.m. 120 hr. 

0;00 a.m. " 'lavs 

0:30 A.M. S .lavs 

0:30 A.M.jlC days 

.0:50 A.M. .15 days 

0:30 A.M. (21 .lays 

; 12:05 r.M. 2. .jluvr 

w* (>i" - nc < 

«inns about site of hr: 

eter. The obstruction 

lovrcl. a JTot-' e.mM 


Fasting sample from ear 


Blood sample from ear after a 
I meal ! 

Obstruction of tranxrrrxr colon 


111,0011 BLOOD 
WKTGIIT PEN*- K 

</c T.OSS SITV MO.# 


1.0470 I 42.0 


rCot recove red 


1.05 IS 

Blond sample from ear 



Drank water ami milk 

0.4 

1.0485 

Urinated ; blood from oar 

0.0 

1.0480 

Vomited brownish fluid 


1.0488 

Refuses water and milk 

5.4 

1.0513 

Refn.-es water and milk 


1.0485 

Kind leg weakness apparent 

S.2 

1.0174 

Refuses food nnd water 


1.0503 

Drank milk 

10.0 

1.0475 

[\*t.«j*ed a >dool; condition dur- 



inf? afternoon changed 



Verv alert : eats 

S.2 

1.0154 

Vomited several times: diarrhea 

10.0 

1.01)2 

Hats 

s.o 

1.0 120 

Active; verv thin 



Stools Wat. TV, yellow 

10.3 

1.0152 

Eats; active; stool- 

14.5 ! 

1.0| JO 

Thin and brawny 

1 

17.0 } 

l.o is.; 

under an'-the-bn. IVrit.m.vil cavity dry; 

several 


attire. Pp.viniat c.dun hypcrtrophicl an.) <lilnt. il 2 cm. in 

lVn- lo cm. rnuihn! frooi the ifc. :il irilie. On c J - rt i ri it 

.. jia— i-.l through t!:>- partial isvl.i-ion. 
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the loop, tissue necrosis, bacterial toxins, all contribute to the rapid 
demise of the animal, probably by effecting an earlier and sustained 
rise in blood potassium. This would involve the potassium-raising 
effect of dehydration, blood loss , 10 ' 21 and the release of potassium from 
injured tissue cells. Toxins of bacterial origin, such as histamine, may 
also contribute to this rise in potassium, since it has been shown that 
injections of histamine will raise blood potassium . 22 The excess of 
potassium entering the blood stream might thus be satisfactorily ac- 
counted for as arising from the above-enumerated sources. 


Protocol S 


Cat 3030. Male. Weight, 3.0 Kilos. Esophageal Obstruetion at Cardiac End of 

Stomach by Tape 


ii^an 

mmm\ 




BLOOD 

BLOOD 

DATE 

II 


CONDITION AND REMARKS 

WEIGHT 

DEN- 

K 


mam 



% LOSS 

SITY 

mg.% 

Sept. 






30.0 

21 I 

.0:00 A.M. 

0 ( 

Condition good 


1.0503 

1 

.1:45 A.M. 

0 1 

Dperation ended (15 min.) 


1.0563 

20. S 

1 

l2:30 p.m. f 

to min. ' 

Vomited frothy fluid 



1:30 p.m. 

13 hr. 

Vomited frothy fluid 4 times in 

3.2 

1.0563 





last hour; constant licking 





2:15 p.M. 

21 hr. 

Restless; retching; vomited 

3.2 

1.0563 





twice 





5:45 p.M. 

0 hr. 

Vomited twice; resp. 106 

5.5 

1.0591 

30.8 

J 

11:20 p.M. . 

Ill hr. : 

rn past 5 hr. vomited twice; 

7.1 

1.0601 

27.7 




resp. varied from 34 to 83 ; 
refused milk and water ; 
not so restless 




22 

12:10 A.M. 


Vomited twice; still restless; 







drank 4 oz. water 





1:10 A.M. 


Heart rate 106; resp. 40; vom- 







ited twice 





5:40 A.M. 

18 hr. 

Lying limp in cage 

8.9 

1.0622 



10:30 A.M. 

22} hr. 

Vomited twice; drank water 

9.4 

1.0641 

27.5 


3:50 P.M. 

28 hr. 

Vomited twice ; refused salmon ; 

10.2 

1.0678 





drank water and vomited' 





5:40 P.M. j 

30 hr. 

Vomited once; restless; retch- 
ing; drinks little; sits with 

11.0 

1.0660 

32.2 


5:30 A.M. 


head over bowl; urinated 
first time since operation 



: 

23 


Pulse 170; resp. 36 





8:40 A.M. 

484 hr. 

Passed urine 





12:15 P.M. 

Sits with head over bowl; body 

14.9 

1.0696 

36.9 


5:15 P.M. 

53i hr. 

cold; hind leg weakness 





Drinks water 

14.9 

1.0669 

38.5 


|1 1 : 20 P.M. 


Vomited 




24 

7:00 a.m. 

70 hr. 

Hind leg weakness 





9 :50 A.M. 

Sits with head over bowl of 

16.6 

1.0690 

39.6 


11:30 A.M. 


water; drinks occasionally 





771 hr. 

Vomited; lies stretched out; 

17.1 

1.0713 

45.3 


5:15 p.m. 

8:15 p.m. 

body cold; difficult to 
rouse; pulse 120; resp. 14 




S0£ hr. 


Died in coma; last blood sample 


1.0709 

52.0 




from vena cava 





i ^distended ^ 1 1!"’ 0 ”? 5, Stomach, small intestine, and colon contracted. Blad- 

asfwsssi " l ”<“ «"*»■*. **< 
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however, that a new factor is added to the syndrome when the blood 
supply is impaired, this being associated with some form of toxemia. 

These discordant views may be reconciled on the assumption that 
the condition is essentially one of potassium poisoning. This con- 
clusion is based on our determination of blood potassium during the 
course of the entire syndrome in both simple and strangulated ob- 
structions. Our experiments reveal toxic levels of blood potassium, 
which could, in themselves, be responsible for death. 

In simple obstruction, the potassium rise can be ascribed to dehydra- 
tion associated with loss of extracellular, and replacement by intra- 
cellular, fluids and electrolytes . 18 In strangulation, however, the pic- 
ture is complicated by several factors. Obstruction, hemorrhage in 

Protocol 7 


Cat. 3039. Male. Weight, 3.799 Ivilos. Simple Duodenal Obstruction 3 cm. 
Below Ampulla of Vater 


■ — 

— ... 

TIME 



BLOOD 

BLOOD 

DATE 

TIME 

AFTER 

CONDITION AND REMARKS 

weigh: 

r DEN- 

K 



OP. 


% LOS! 

; sitv 

m a.% 

Sept. 






21.S 

21 

9:30 A.M. 

0 

Good condition 





40 min. 

After operation 


IIEP 

28.7 


12:10 p.m. 

Blood sample from ear 



1:30 p.m. 


Recovered; sitting up 



25.2 


0:00 r.ar. 

0 hr., 

Condition good; refuses milk 

, 1.5 

1.04 7.9 



40 min. 

salmon, and water 





12 MID- 


Lying quietly; no vomiting 





NIGHT , 






22 

7:05 a.m. 


Vomited greenish fluid 



■9 


10:20 A.M. 

23 hr. 

Blood sample from ear 

2.9 

1.054G 


11:40 A.M. 


Urinated 


I 



2:40 p.m. 


Vomited greenish fluid 



26.1 


5:45 P.M. 

304 hr. 

Blood sample from ear 

5.9 

WWiKMil 


9:00 P.M. 


Vomited greenish fluid 




23 

5:30 A.M. 
8:40 A.M. 


Sitting up; good resp. 72 
Vomited greenish fluid; drinks 







water freely 



38.5 


12:20 P.M, 

49 hr. 

Blood sample from ear 

8.2 1 



5:45 P.M. 

54 hr. 

Blood sample from ear 

8.2 


32.0 


5:50 r.M. 


Urinated ; lying down with 







head up 




24 

1:00 A.M. 


Vomited 





7:00 A.M. 


1 Vomited between 1 and 7 A.M, 





10:10 A.M. 


Blood sample from ear 

9.5 

1.0627 

32.3 


1:00 r.M. 


Hind leg weakness 





2:00 r.M. 


Vomited foul-smelling, yellow- 







ish fluid twice 





5:15 P.M. 

78 hr. 

Blood sample from car; sitting 
all afternoon with head 

11.9 

HI 

39.7 

i 



over water; does not drink; 
urinated; condition poor; 
body cold 





9:50 A.M. 
0:30 r.M. 

95 hr. 

Blood sample from ear 

12.1 

1.0652 

37.5 


103 hr. 

Blood sample from car; npa- 

13.4 

HUM nil 



tlietic ; lies on side 

Vomited during night 




0:30 A.M. 
S:30 A.M. 

1 1:00 A.M. 


2G 


Vomited; portion for analysis; 





120 hr. 

blood sample from car 
Between 0 and 7 p.m. Died 

14.9 

1.0669 

3S.5 
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the loop, tissue necrosis, bacterial toxins, all contribute to the rapid 
demise of the animal, probably by effecting an earlier and sustained 
rise in blood potassium. This would involve the potassium-raising 
effect of dehydration, blood loss , 19 ' 21 and the release of potassium from 
injured tissue cells. Toxins of bacterial origin, such as histamine, may 
also contribute to this rise in potassium, since it has been shown that 
injections of histamine will raise blood potassium . 92 The excess of 
potassium entering the blood stream might thus be satisfactorily ac- 
counted for as arising from the above-enumerated sources. 


Protocoi. S 

Cat 3G3G. Male. Weight, 3. G Kilos. Esophageal Obstruction at Cardiac End of 

Stomach by Tape 
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Insensible loss from 9/25-10/S figured -at 2,000 c.c. per day; from 10/3-10/17 1,500 c.c. per day, 
•Water content of soft diet estimated at 500 c.c. per day. (Coller and Haddock.”. «) 

{Fluid loss 10 per cent of body weight. Actual weight loss 14 per cent of body weight. 
{Specific gravity of blood.” 
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SURGERY ' 


It may be supposed that in the human subject the amount of 
potassium liberated from blood extravasated into a strangulated loop 
would be much higher than in cats or dogs. The potassium content 
of the erythrocytes in these animals differs little from that of their 
plasma, whereas the human red blood cells contain 400 mg. per 100 
ml., or 20 times as much as the plasma. 

The normal means of elimination of potassium is by renal excretion. 
Zwemer and Truszkowski 2 ’ 4 first suggested that this function cannot 
be adequately carried out without the presence of the adrenal cortical 
hormone, and examination of the histologic appearance of the adrenal 
cortex in both clinical and experimental intestinal obstruction, in- 
dicated depletion of its hormone reserves according to Zwemer ’s 23 
classification. Harrop et al. 24 have found that potassium retention is a 
prominent feature of corticoadrenal insufficiency. It is now suggested 
that high intestinal obstruction may, as far as potassium metabolism 
is concerned, be identified with adrenal insufficiency. 

Although a major part in the regulation of the blood electrolyte 
levels is usually ascribed to the kidneys, there is evidence, in cases of 
renal insufficiency, that other means may be utilized to rid the body 
of injurious eatabolites. Bliss, 25 Austin and Gammon, 25 and Ingraham 
and Visseher 27 have shown that in both dog and man, concentration of 
potassium in the gastric juice is higher than in blood. The last named 
authors, making simultaneous determinations in 24 dogs, showed the 
concentration of potassium in gastric juice to be, on the average, 2.7 
times, and in extreme cases, 4 times greater than in plasma. In the 
case of Cat 3639, we found the vomitus to contain 254 mg. per cent 
of potassiuni when the blood level was 38.5 mg. per cent. Possibly, 
therefore, secretion of potassium into the gastric lumen followed by 
vomiting may be regarded as a part of an auxiliary or emergency 
mechanism for lowering blood potassium. An esophageal obstruction 
would therefore prevent this detoxifying function with consequent 
earlier death of the animal. 

In this light, the removal of stomach contents by gastric or duodenal 
tube together with the administration of saline, as advocated by 
Wangensteen 21 in intestinal obstruction, is wholly justified. Melver,'’ 
commenting on the use of duodenal drainage advocated in the treat- 
ment of distention, feels this to be one of the major advances of the 
past decade . 25 ' 30 

The benefit of salt in the treatment of intestinal obstruction and of 
adrenal insufficiency may be explained by its action in lowering the 
concentration of potassium by blood dilution and favoring its cxcre- 
Furthermore, Amberg and Helmholtz" protected guinea pigs by 
t1011 s of sodium chloride against experimental potassium poisoning, 
— has demonstrated that sodium protects against large 

, , mo-stlcnl Obstruction. Xtw York. 153*. Until H. IMw. Tnc. 

•Mclvor. M. A.: 
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amounts of potassium in the normal diet. Of importance is Thaler’s 22 
contribution that intravenous saline solution lowered posthemorrhagic 
hyperpotassemia in cats. In rats with intestinal obstruction, Schnolir 34 
found the survival period to be lengthened by administration of 10 per 
cent sodium chloride, and suggested that this salt facilitated the ex- 
cretion of some “noxious prodLict.” 

Recently, Heuer and Andrus have given cortical extract simultane- 
ously with transfusion, thereby prolonging the lives of dogs receiving 
intravenous injections of aqueous extracts of closed intestinal loops. 33 
Since corticoadrenal extract 30 lowers plasma potassium in both 
adrenalectomized and normal eats, and will protect normal mice and 
guinea pigs from fatal amounts of potassium, 2 ’ 4 ’ 37 the therapeutic 
value of this measure would appear to be due to its effect on blood 
potassium. 

Aird 38 stated that the chloride, sodium, and potassium content of 
the blood is low in intestinal obstruction. In a case of low ileal ob- 
struction (P. H., No. 448619), we found a value of 29.8 mg. per cent, 
potassium before operation and two values of 17.2 and 17.6 mg. per 
cent after operative and saline therapy. 

In conclusion, we wish to emphasize that a high blood potassium is 
not peculiar to intestinal obstruction, but may be expected in all condi- 
tions associated with rapid or continuous excessive entry of potassium 
into the blood stream. 39 - 40 

We wish to thank Dr. Fuge for his help in Group A of these experiments and 
Dr. David Polotvc, of Paterson, N. .1., for the donation of the apparatus for blood 
density determination. 

SUMMARY 

1. In 8 cats it has been found that acute intestinal obstruction 
(esophagus, duodenum, jejunum, and colon) is associated with a rise 
in blood potassium to levels which have previously been shown to be 
lethal. The potassium content of obstructed loops, peritoneal fluid, 
and vomitus was many times that of blood. 

2. The potassium rise is ascribed to some combination of dehydra- 
tion, tissue breakdown, and action of bacterial toxin, with consequent 
adrenal and renal dysfunction resulting in adequate potassium elimi- 
nation. The blood density parallels the rise in most instances. 

3. It is suggested that potassium is the dialyzable toxic factor sought 
for in acute intestinal obstruction. 


REFERENCES 

U WuhbM.G., Burns, J. C., and Clark, J. H.: Adrenal Glands in Dogs With 
K)fo Intestlnal Obstruction, Proc. Soc. Exper. Biol. & Med. 33: 54 -'', (Jan.) 

“• Z ' V morne P of Corti m US ^°T VSki in R ' : Potassium: A Basal Factor in the Syn- 
3 TrmXwski B Insufficiency, Science 83: 558 (June) 1936. 

shm, Metahoiism, < Biociiern. r j.^3of , 1345 0 ^Aug!)* r i93S, -3 Potas- 



90 


SURGERY 


4. Zwemer, R. L., and Truszkowski, R.: The Importance of Corticoad renal Reg- 

ulation of Potassium Metabolism, Endocrinology 21: (Jan.) 1937 (in press). 

5. Truszkowski, R., and Zwemer, R. L. : Experimental Ilypcrpotassemia (in press), 
ti. Barbour, H. G., and Hamilton, AV. F. : The Falling Drop Method for Determin- 
ing Specific Gravity, J. Biol. Cliem. 69: 625, 1926. 

7. Barbour, n. G., and Hamilton, IV. F.: The Falling Drop Method for Deter- 
mining Specific Gravity. Some Clinical Applications, J. A. M. A. 88: 91, 1927. 
S. Murphy, F. T., and Vincent, B.: An Experimental Study of Cause of Death 
in Acute Intestinal Obstruction, Boston M. & S. J. 165: 6S4, 1911. 

9. linden, R. L., and Orr, T. G.: Chemical Changes in the Blood of the Dog After 
Obstruction of the Esophagus and of the Cardiac End of the Stomach, J. 
Exper. Med. 38: 477, 1923. 

10. Amussat, J. Z. Quoted by Mclver, M. A.: Acute Intestinal Obstruction, New 

York, 1934, Paul B. Hoeber, Inc. 

11. Von Albeck, V.: Experimentelle und klinische Untcrsuchungen iiber die Tode- 

sursache bei Duenn-darmstrangulation, Arch. f. klin. Cliir. 65: 569, 1902. 

12. Kukula : Untcrsuchungen iiber Autointoxicationen bei Darmocclusioncn, Arch. 

f. klin. Chir. 63: 773, 1901. 

13. Aird, I., and Henderson, W. K. : Intestinal Obstruction, Lancet 2: 373 (Aug.) 

1936. 

14. Slome, D., and Knight, G. C. : Intestinal Obstruction, Lancet 2: 372 (Aug.) 

1936. 

15. Van Beuren, F. T., Jr. :. Acute Ileus. Comparison of Toxicity of Obstructed 

and Nonobstrueted Intestinal Contents, Ann. Surg. 102: 605, 1935. 

16. Hartwell, J. A., and Iloguet, J. P. : Experimental Intestinal Obstruction in 

Dogs With Special Reference to the Cause of Death and the Treatment by 
Large Amounts of Normal Saline, J. A. M. A. 59: S2, 1912. 

17. Raine, F., and Perry, M. C.: Intestinal Obstruction; Experimental Studies on 

Toxicitv, Intraintestinal Pressure and Chloride Therapy, Arch. Surg. 19: 
47S, 1929. 

IS. Gamble, J. L., Ross, G. S., and Tisdall, F. F. : Metabolism of Fixed Base During 
Fasting, J. Biol. Cliem. 57: 633, 1923. 

19. Baetjer, A. M. : The Diffusion of Potassium From Resting Skeletal Muscle 

Following a Reduction in the Blood Supply, Am. J. Physiol. 112: 139, 1935. 

20. Kerr, S. E. : Studies on the Inorganic Composition of Blood. I. The Effect 

of Hemorrhage on the Inorganic Composition of Scrum and Corpuscles, J. 
Biol. Chem. 67: 6S9, 1926. 

21. Schmitt, F., and Basse, W. : Effect, of Bleeding on Distribution of Ions Be- 

tween Erythrocytes and Plasma in Health and in Ilypcrtony and Nephritis, 
Arch. f. exper. Path. u. Pharmakol, 181: 5S4, 1936. 

22. Thaler, J. I.: Evidence of Permeability of Tissue Cells to Potassium, Proc. 

Soc. Exper. Biol. & Med. 33: 36S, 1936. 

23. Zwemer, R. L.: A Study of Adrenal Cortex Morphology, Am. ,T. Path. 12: 

107 (Jan.) 1936. 

24. Ilarrop, G. A.. Niekolson, W. M., Soffcr, L. J., and Strauss, M. : Extracellular 

and Intracellular Water Loss During Suprarenal Insufficiency in the Dog, 
Proc. Soc. Exper. Biol. & Med. 32: 1.312. 1935. 
n-_ Bliss T. L.: The Acid-Base Composition of Gastric Juice During the Secretory 
Gvele, Ann. Int. Mod. 3: 838, 1930. 

"6 Austin .T. H., and Gammon, G. D. : Gastric Secretion After Histamine: Sodium 
and Potassium Content and Pepsin Estimation, ,T. Clin. Investigation 10: 


2S7. 1931. 

Ingraham, R. C., and Visselier, M. B.: Inverse Concentration Ratios for Sodium 
and Potassium in Gastric Juice and Blood Plasma, Proc. Soc. Exper. Biol. 
& Med. 30: 464, 1932. 

Matas I!.: The Continued Intravenous “Drip,” With Remarks on the Value 
of Continued Gastric Drainage and Irrigation by Nasal Intubation With a 
Gastroduodenal Tube f.Tutte) in Surgical Practice, Ann. Surg. 79: 04.3, 1921. 
Ward R ' An Apparatus for Continuous Gastric or Duodenal Lavage, J. A. 

1 \ cl- 1114 1925. 

*''• ' i' „ tr t mii. 1 WtiiHniniti'cn O It. r Tltc Vfmtnrmrnt »vi» fVm* 


struction by Suction 



SCUDDER ET AL. : POTASSIUM IN INTESTINAL OBSTRUCTION 


91 


32. Amberg, S., and Helmholtz, H. F. : The Detoxifying Action of Sodium Salt on 

Potassium Salt in the Guinea Pig, J. Pharmacol. & Exper. Therap. 12: 19, 
1918. 

33. Bunge, G. : Ueber die Bedeutung des Kochsalzes und das Verlialten der 

Kalisalze im Menschliehen Organisnms, Ztsclir. f. Biol. 9: 104, 1S73. 

34. Sclmohr, E.: A Study on Cause of Death in High Intestinal Obstruction. Ob- 

servations on Chlorine, Hrea and "Water, Acta, cliir. Scandinav. {Supp. 33) 
76: 1-170, 1934. 

35. Heuer, G. J., and Andrus, W. D.: The Effect of Adrenal Cortical Extract in 

Controlling Shock Following the Injections of Aqueous Extracts of Closed 
Intestinal Loops, Ann. Surg. 100: 734, 1934. 

36. Zwemer, II. L.: An Adrenal Cortex Extract: Its Development and Experimental 

and Clinical Use, Endocrinology 15: 3S2, 1931. 

37. Zwemer, B. L., and Sullivan, It. C. : Blood Chemistry of Adrenal Insufficiency 

in Cats, Endocrinology 18: 97, 1934. 

38. Aird, I.: Intestinal Obstruction, Edinburgh M. J. 43: 375, 1936. 

39. Aizman, I. M.: Change in the Content of Calcium and Potassium in the Serum 

of the Blood of Patients and Animals After Fractures, Vestnik. khir. (Nos. 
56, 57) 19: 217-224, 1930. 

40. Kramer, B., and Tisdall, F. M.: A Chemical Method for the Quantitative 

Determination of Potassium in Small Quantities of Serum, J. Biol. Chem. 46: 
339, 1921. 

41. Coller, F. A., and Maddock, W. G.: Dehydration Attendant on Svirgical Opera- 

tions, J. A. M. A. 99: S75, 1932. 

42. Coller, F. A., and Maddock, W. G. : Water Balance in Surgical Conditions, 

Internat. Clin. 3: 190, 1934. 

43. Polowe, D.: The Specific Gravity of Blood: Its Clinical Significance, J. Lab. 

& Clin. Med. 14: 811, 1929. 



THE URINARY LOSS OF IODINE FOLLOWING TOTAL 
THYROIDECTOMY 

George M. Curtis, Ph.D., M.D., and Louis E. Barron, M.D., With the 
Technical Assistance op Norman L. Matthews, B.S., 
Columbus, Ohio 

(From the Department of Research Surgery, The Ohio State University) 

’ I ' OTAL ablation of the thyroid gland as a therapeutic 'measure in 
the management of congestive heart failure or for the relief of 
angina peetoris has recently received wide attention. It was described 
in June, 1933, by Blumgart and his associates. 1 Reports of the prin- 
ciples involved and of the results obtained have subsequently appeared 
in the literature. 2 ' 0 The rationale for the total thyroidectomy is based 
upon extensive investigation which reveals a direct relationship be- 
tween the velocity flow of the blood and the basal metabolic rate. The 
experimental background from which the procedure developed has 
been fully presented by Blumgart. 7 

The therapeutic significance of total thyroidectomy has been amply 
discussed in other and more extensive reports. s We have performed 
the operation on 11 patients presenting various stages of cardiovascu- 
lar disease. Save perhaps in one instance, so far as we were able to 
determine, the cardiovascular disease was not of thyrogenic origin. 
Our clinical results resemble in miniature those extensively described 
in larger series. 9 Along with our clinical studies, however, we have 
taken this unusual opportunity to investigate the iodine metabolism 
of these patients. 10 This investigation represents a continuation of 
studies concerning the relationship between the blood and urinary 
iodine and thyroid function. 

Immediately following partial thyroidectomy for various forms of 
goiter there ensues a striking increase in the urinary excretion of 
iodine. 11 This eventually returns to normal. The significance of the 
blood iodine and of the daily loss of iodine in the urine has been 
demonstrated! 9, 13 The fact that iodine metabolism is closely related 
to thyroid function is securely established. As a consequence, it 
seemed desirable to determine the urinary loss of iodine preceding, im- 
mediately following, and subsequent to, total thyroidectomy in man. 
The purpose of this paper is to report the results of this investigation. 

LITERATURE 

Vlexander Sturm" found a slight but definite increase in the urinary 
loss of iodine subsequent to total thyroidectomy in dogs. Curtis and 
Barron 10 noted a definite increase in the urinary excretion of iodine 

rTcpIvm! for publlcntlnn. I3< ^ 
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immediately following total thyroidectomy in man. This was asso- 
ciated with an immediate postopei'ative increase in the blood iodine, 
which then gradually decreased to about one-third the normal level. 

The average normal daily loss of iodine in the urine, as determined 
on 12 of our University Hospital patients, ranges from 0.036 to 0.078 
mg., 15 and averages 0.051 mg. The urinary excretion of iodine of 
patients with toxic goiter is increased during the untreated preopera- 
tive period. 11 ' 13 Immediately following partial thyroidectomy there 
ensues an even greater loss, which may reach 2.0 mg. during the first 
twenty-four hours postoperatively. 11 Investigation of the urinary 
excretion of iodine following other than thyroid surgery also reveals 
an immediate increase in the postoperative loss. 16 Prom these observa- 
tions it appeared that at least part of this increased iodine loss was due 
to extrathyroid depletion. 11 

METHODS 

The urinary excretion of iodine was determined on 6 patients upon 
whom total thyroidectomy was accomplished for various stages of 
cardiovascular disease. In the first 2, small fragments of thyroid tissue 
in the adherent zone at the tracheoesophageal sulcus were not removed 
in order better to protect the parathyroids and the recurrent laryngeal 
nerves. The total remnant of thyroid tissue in each of these 2 pa- 
tients was estimated to be less than one gram. In the remaining 4, 
total thyroidectomy in its strict literal sense was accomplished with 
due consideration to the blood supply of the parathyroid glands, 17 
and to the recurrent laryngeal nerves. 

All patients were maintained in the Research Surgical Service of 
the University Hospital on a diet which omitted those foods known 
to be high in iodine. The observations of Cole, Curtis and Bone 18 
present the iodine content of our usual hospital diet. The patients 
were maintained either at bed rest or on limited physical activity. 
Iodine u'os not used or administered in any form throughout their 
hospitalization. 

The collection of the twenty-foui’-hour urine specimens was care- 
fully supervised. Blood samples for blood iodine determinations were 
drawn in the morning, in the postabsorptive state. Determinations 
of the blood and urinary iodine were made after the method of 
Phillips and Curtis. 19 This is an adaptation of the von Fellenberg 
procedure.- 0 A few urinary iodine determinations were made after 
Matthews’ modification of the Leipert method. 21 All determinations 
were made in duplicate. 

Brief histories of the patients studied are presented. They include 
the principal findings and the management of each patient. These 

are accompanied by tables and figures which present the urinary 
excretion of iodine. J 
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Case 1 . — Hypertension With Congestive Heart Failure (Fig. 1). A. AY., a house- 
wife, aged fifty-five years, entered the University Hospital on Oct. 12, 1933, for the 
management of hypertension with congestive heart failure. Dyspnea, weakness, 
palpitation, and precordial pain had been experienced intermittently for about two 
years. Respiratory distress was apparent on physical examination. A small hard 
nodule was palpated in the lower right lobe of the thyroid, which seemed otherwise 
normal. The phj'sical findings were those of severe cardiac damage and congestive 
heart failure. Electrocardiographic studies revealed left ventricular preponderance. 
The blood pressure varied between HiO/70 and 180/94. The trachea and larynx were 
normal. 

Laboratory investigation revealed negative AVassermann and Kahn tests. A mild 
anemia was present. The white blood cells and differential counts were normal. 
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/\ heart disease with artermlenm lnterrmt- 

/ \ tent moderate decompensation, two years duration. 

/ \ Total thyroidectomy Nov 6.1933 No iodine used 

/ \ or administered Subsequent improvement. 



j The urinary excretion of iodine following total thyroidectomy. 

A trace of albumin and an occasional granular east were observed on repeated 
urine examinations. Kidney function tests were within normal range. The blood 
X P is was normal. The basal metabolic rate was plus 27, with the temperature 
<>7.1° \iie pulse 77, the respirations 23, the blood pressure 100/92, and the weight 118 
pounds in the basal state. . 

1 .J ., rP operative period the daily urinary excretion of iodine ranged from 

“"",8 ( o otic, to 0.4 OS mg.), and averaged 210 mierograins (0.210 mg.;. The 
• • 1 11,0,1 iodine was definitely increased to 33 mierograins per cent. It do 

initial > >’ ' , preoperative period <>f preparation so that on the morning of 

e reused during i • per rent. .Vo iodine vie* used or administered. 
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Total tliyrou ce om ■ - • M1 j,p] P nionted by local fnovoenine U. jw-r rent) nml 
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some gas (nitrous oxide) anesthesia. During the subsequent forty-eight hours 
there ensued a great increase in the urinary loss of iodine, Fig. 1. This rose to 
2.6 mg. Subsequently, it. gradually decreased, but was elevated at the time of dis- 
missal from the hospital. The average daily urinary iodine excretion during the 
first eight postoperative days was 711 micrograms (0.711 mg.). For the entire 
postoperative period of eleven days, it averaged 553 micrograms (0.553 mg.). 

The entire thyroid gland as removed weighed 40 grams. Mithin the lower right 
lobe there was one small colloid nodule. The remainder appeared to be normal. 
The microscopic appearance was normal. The iodine content of the whole gland 
was 24 mg. per cent, or 9.0 mg. 

On Nov. 17, 1933, nine days after total thyroidectomy, the basal metabolic rate was 
plus 13, with the temperature 9S.6°, the pulse 05, the respirations 21, the blood pres- 
sure 178/100, and the weight 123 pounds in the basal state. The blood iodine was 
14.6 micrograms per cent. There were no complications. Convalescence was attended 
by considerable and definite symptomatic improvement. The patient was dismissed 
from the hospital on Nov. 19, 1933. 

She was readmitted on Feb. S, 1934, for investigation of the late results of 
total thyroidectomy. At this time observations on the blood and urinary iodine, the 
basal metabolic rate, and the clinical progress were made during a five-day period. 
There was definite clinical improvement. The daily urinary iodine loss ranged from 
13 to 72 micrograms and averaged 39. The basal metabolic rate was minus 5, with 
the temperature 97°, the pulse 73, the respirations 19, the weight 131 pounds, and 
the blood pressure 198/120 in the basal state. The blood iodine averaged 1.6 micro- 
grams per cent. The blood pressure fluctuated around 180/100. 

Comment . — The average daily loss of iodine in the urine during the 
preoperative period was increased. Immediately following total thy- 
roidectomy there ensued a greater increase. This persisted for about 
forty-eight hours and then gradually decreased. At the time of dis- 
missal, however, it was still increased. Three months subsequent to 
total thyroidectomy, the urinary excretion of iodine was at a low 
normal range. At that time the blood iodine was the lowest we have 
thus far determined in man. 


Case 2. — Hypertension of Unknown Etiology (Fig. 2). E. K., a white housewife, 
aged thirty-eight years, entered the University Hospital on Oct. 26, 1933, for the 
management of "essential hypertension. ’ Severe headaches with disturbance of 
vision had been present during the past twelve years. Frequent medical examina- 
tions revealed a persistent severe hypertension, averaging 230/130. There had been 
no clinical evidence of cardiac failure. Evidence of cardiac decompensation could 
not be obtained either by physical examination or by electrocardiographic studies. 
The trachea and larynx were normal. Ophthalmologic examination revealed old 
retinal hemorrhages. 


Laboratory investigation revealed negative Wassermann and Kahn reactions. A 
mild anemia was present. The white blood cells and differentia] counts were normal. 
The serum calcium, phosphorus, and the nonprotein nitrogen of the blood were also 
normal. The kidney function tests were within normal range. The basal metabolic 
rate was plus 5, ivitli the temperature 98.0°, the pulse 7G, the respirations 14 the 
blood pressure 204/128, and the weight 124 in the basal state. Ho iodine was’ used 
or administered. The initial blood iodine was elevated, being 41 micrograms per 
cent. W ith dietary regulation and hospital bed rest it decreased to normal Fig *> 

• !UCrag ° "' aS 17-5 m!cr °e rams P er cent - T *» urinary iodine ranged 
from to 170 nuerograms, averaging 77 micrograms daily. 
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Total thyroidectomy wap accomplished on Nov. 21, 1033, using avcrtin (SO mg. per 
kilogram) supplemented l>y local anesthesia (Y< per cent novocaine). There were no 
immediate or remote complications. The gland removed weighed 20 grams. Except 
for a small nodule at the posterior right pole, it was normal. The thyroid gland 
contained OS mg. per cent iodine (dry basis) which is subnormal. 

During the twenty-four hours subsequent to total thyroidectomy, there ensued a 
great increase in the urinary excretion of iodine. This increased to 2.5 mg. and then 
gradually subsided. The average daily postoperative loss of iodine for the first 
eight days was 517 micrograms. For the entire postoperative period it was IS! 
micrograms. The basal metabolism subsequently fell to minus 12, with the tempera- 



pjg # 2 . — The urinary excretion of Iodine following; total thyroidectomy. 


ture 07.8°, the pulse 05, t ho respirations 12, the weight 120 pounds, and the blood 
pressure 230/130. She was dismissed on Dec. 22, 1033, symptomatically improved. 

She was readmitted on Feb. 8, 1031, for further investigation. There was definite 
evidence of myxedema. The blood pressure had returned approximately to its 
• 'nal level: however, symptomatic improvement still persisted. The basal 
metabolic, rate was minus 25, with the temperature OS”, the pulse 03, the respirations 
V> \he blood pressure 100/130, and the weight 131 pounds in the basal state. 
The blood iodine averaged 0.0 mierograms per cent. The daily urinary iodine 
ranged from °2 to 72 mierograms and averaged 3d. She was dismissed on Feb. 17, 

entered the hospital again on Sept. 20 1031, for investigation of the late 
results of total thyroidectomy. During an eight day period the daily urinary md.no 
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loss ranged from 20 to 174, averaging 51 micrograms. Myxedema was present. 
The basal metabolic rate was minus 21, with the temperature 9S°, the pulse 68, the 
respirations 12, the weight 127 pounds, and the blood pressure 210/136 in the basal 
state. 

Comment . — The preoperative urinary loss of iodine did not reveal 
the great variability observed in the preceding patient. Although 
some determinations were definitely elevated, the average daily excre- 
tion was at the upper limit of normal. During the twenty-four hours 
subsequent to thyroidectomy, there ensued a marked increase in the 
concentration of iodine in the urine. This gradually subsided, but 
was definitely increased at the time of the first dismissal from the 
hospital. Frequent subsequent determinations of the urinary iodine 
revealed low normal values. 

Case 3. — Hypertension of Unknown Etiology (Table I). H. G., a railroad fireman, 
aged forty-one years, entered the University Hospital on Apr. 3, 1934, for the 
management of “malignant hypertension.” Nervousness, tinnitus, vertigo, and 
dyspnea had been present for about a year. Physical examination at the dispensary 
in September, 1933, revealed a severe hypertension. After admission to the hospital 
the blood pressure fluctuated around 210/140. The heart was moderately enlarged. 
No evidence of congestive heart failure was detected. 


Table I 

Hypertension of Unknown Etiology of One Year’s Duration (Case 3) 


4/20/35 

4/21/35 

4/22/35 

4/23/35 

4/24/35 

4/25/35 
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B. M. R. 

AND 
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4/ 4/35 





19.0 

Plus 15 

4/ 9/35 






Plus 0 

4/11/35 

730 
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oill 



4/12/35 

1160 

4.3 

0.050 

33.0 


4/13/35 

1240 

4.4 

0.055 



4/14/35 







4/15/35 

900 

14.4 

oTl30 



4/16/35 

1800 

5.5 

0.099 

30.0 


4/17/35 

2880 

3.0 

0.086 



4/18/35 

1990 

3.0 

0.060 

12.7 

Minus 12 

4/19/35 

— 

— 

— 

20.0 

Preoperative 
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4/19/35 
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370.0 

1.630 

54.0 

1 hr. postoperative 


470 

880 

1760 

1050 

1490 

880 

870 

1640 

1680 

1440 


800.0 

121.0 

23.0 

6.8 

2.4 
11.3 

5.5 

2.6 

*> *1 

4.2 


2.010 

1.070 

0.400 

0.112 

0.030 

0.099 

0.04S 

0.043 
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0.060 


29.0 

57.0 

29.0 

13.1 


1 1 .3 


0.3 


4.0 


4.1 


3 hr. postoperative 
6 hr. postoperative 
24 hr. postoperative 
30 hr. postoperative 


Minus 10 


Dismissed April 30, 1934 
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Laboratory investigation revealed negative Wassermann and Ivalin reactions. The 
urine on repeated examinations was normal. There was no disturbance in kidney 
function. The nonprotein nitrogen of the blood was 32 rug. per cent. No abnormality 
was noted in other chemical analyses of the blood. The trachea and larynx were 
normal. The basal metabolic rate was plus 15, with the temperature 98.6°, tho pulse 
GG, the respirations 11, the weight 179 pounds, and tho blood pressure 1S4/92, in 
the basal state. No iodine was used or administered. 

The blood iodine was increased but with adequate bed rest and dietary regula- 
tion this soon fell to normal, 12.7 micrograms per cent. Tho urinaiy iodine varied 
from 10 to 130, averaging 75 micrograms daily. 

Total thyroidectomy was performed on Apr. 19, 1934, using avertin (80 mg. per 
kilogram) supplemented by local and gas anesthesia. There were no immediate or 
remote complications. The thyroid gland weighed 15 grams. Two small calcified 
nodules wore found upon section. Otherwise the gland was normal. The whole gland 
contained 25 mg. per cent, or 3.8 mg. of iodine. 

During the first twenty-four hours subsequent to total thyroidectomy, the urinary 
iodine increased to l.G mg. It subsequently gradually decreased and reached a normal 
range before the patient’s dismissal from the hospital. The average daily urinary 
excretion of iodine for the first eight days postoperative was G72 micrograms. For 
the entire postoperative period of eleven days it averaged 4G4 micrograms. Asso- 
ciated with the immediate postoperative increase in tho urinary iodine, there occurred 
a simultaneous increase in the blood iodine to 57 micrograms per cent (Table I). It 
then gradually decreased and eventually fell as low as 4.1 micrograms per cent 
(Table I). 

Comment . — Although the preoperative urinary loss of iodine varied 
considerably, the average daily loss was at the upper range of normal. 
A great increase followed total thyroidectomy. This gradually sub- 
sided, so that at the time of dismissal the urinary excretion of iodine 
was normal. The blood iodine rapidly decreased to about one-third 
normal. 


Case 4 . — Hypertensive Heart Disease TTith Conpestive Heart Failure (Table II). 
F. S., a white male, aged fifty-four years, entered the University Hospital on Apr. 
3, 1934, for the management of hypertensive heart disease with recurrent sovere 
decompensation. Hypertension had been present for many years. The severity 
of the congestive heart failure had increased in spite of medical management else- 
where. The physical findings were those of congestive heart, failure. The blood 
pressure ranged between 1S0/9S and 2<>2/10S. The basal metabolic rate was minus 
1G with the temperature 99°, the pulse 70, the respirations 1G, and the weight 
14G pounds in tho basal state. No iodine in any form was used or administered. 

L'lboratorv investigation revealed negative Wassermann and Kalin reactions. Tho 
blood picture was normal. Upon repeated urine examinations, only a trace of albumin 
was defected. The blood iodine was normal, Table II. During the preopernfive 
eriod tho daily urinary iodine ranged from 22 to 110, averaging 51 micrograms. 

Total tlivroideetomy was accomplished on May 2, 1934, using avertin (SO mg. per 
' fomented by local anesthesia. The thyroid gland weighed IS grams. 


kilogram) -"Pi occasional" small colloid nodule; otherwise the gland was normal. 

""revealed an iodine content of 97 mg. per cent (dry basis), which is sub- 
AnanH. ^ hours nft^r thyroidectomy thori* vns n ^ront irmron*o‘ in 

normal, lor nine j np _ fj-j,;,, rn ^. to 2.2 mg. and then gradually decreased. 


urinary exero 


tion of iodine. 
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Table II 

Hypertension With Recurrent Congestive Heart Failure for Many Years 


(Case 4) 


« 
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Minus 16 
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5.5 
10.1 
11.2 
10.1 

Minus 16 
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(preoperative) 


total thyroidectomy, may 2, a.m. 
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(2 hr. postoperative) 
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*The determinations of urinary iodine terminated on this day. 
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The average daily excretion of iodine during the postoperative eight days tvas 8S1 
micrograms. Simultaneous with this increased urinary loss the blood iodine in- 
creased to 37 micrograms per cent, Table II, and then gradually decreased. It fell to 
0.9 prior to dismissal from the hospital. The basal metabolic rate at this time was 
minus 20, with the temperature 97.8°, the pulse 44, the respirations 20, the weight 
100 pounds, and the Mood pressure 210/120 in the basal state. Throughout the 
postoperative course, the blood pressure fluctuated around 204/100. No immediate or 
remote complications were encountered. 

Comment. The preoperative average daily urinary excretion of 
iodine was witliiu normal range. Immediately following total thy- 
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roidectomy tlie characteristic increase in the urinary loss of iodine en- 
sued. This gradually subsided so that at the time of dismissal it had 
returned to normal. 

Case 5. — Chronic Myelogenous L'eucemia With Congestive Ecart Failure (Table 
III). A. D., a white male laborer, aged fifty-four years, entered the University 

Table III 

Recurrent Congestive Heart Failure op S Months’ Duration (Case 5) 
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Hospital for the management of myelogenous leueemia with associated arteriosclerotic 
heart disease. About a year prior to admission he noticed a rapidly enlarging spleen. 
This was treated by intense x-ray therapy which resulted in a moderate reduction in 
its size. He was discharged from the hospital on Feb. 17, 1934. Shortly after his 
dismissal from the hospital he became aware of increasing dyspnea and edema of the 
feet and ankles, which became progressively worse. 

He was readmitted to the University Hospital on Oct. 13, 1934, for further investi- 
gation. The physical findings were those of congestive heart failure. Laboratory 
examination was essentially negative save for the blood picture, which was that 
of chronic myelogenous leueemia. The basal metabolic rate fluctuated between 
plus 30 and plus 58 with the temperature 98.6°, the pulse 72, the respirations 17, the 
weight 145 pounds, and the blood pressure 106/56 in the basal state. No iodine 
in any form was used or administered. 

The blood iodine ranged from 7.4 to 14.7 and averaged 10.6 micrograms per 
cent. The loss of iodine in the urine during the period of preoperative prepara- 
tion ranged from 14 to 260 micrograms, and averaged 58 daily. 

Total thyroidectomy was accomplished under a basal anesthesia of avertin with 
supplementary novocaine on Nov. 12, 1934. The gland removed was morphologically 
normal and weighed 10 grams. It was pale and soft. It contained 4.7 mg. of 
iodine. During the twenty -four hours subsequent to total thyroidectomy, the urinary 
iodine rose to 1.3 mg. The average daily urinary loss during the first eight days 
postoperative was 414 mierograms. This subsequently returned to normal. Asso- 
ciated with the immediate postoperative increase in the urinary iodine, there was a 
corresponding increase in the blood iodine, to 21 micrograms per cent. This subse- 
quently fell as low as 4.5. Except for subcutaneous capillary hemorrhage during the 
first twenty-four hours after the total thyroidectomy, there were no complications. 


Comment . — The effect of total thyroidectomy on the leucemic blood 
picture is to be reported elsewhere. The average daily preoperative 
excretion of iodine was normal. Following total thyroidectomy, the 
characteristic transitory increase in the urinary loss of iodine was 
noted. The urinary iodine gradually returned to a low normal range. 


Case 6. — Chronic Myelogenous Leueemia With Congestive Heart Failure (Fig. 
3). S. R., a white male laborer, aged forty years, was admitted to the University 
Hospital on Jan. 18, 1935, for diagnosis. About fifteen years ago he noticed 
intermittent sharp pain in the left upper quadrant. Since that time he has ex- 
perienced similar recurrent pain in this region. In June, 1933, a splenomegaly was 
discovered, for which splenectomy was performed elsewhere. Hodgkin’s disease was 
suspected at that time. About a month after the splenectomy his white blood count 
was 50,000. There was an associated anemia. Bleeding from the gums occurred 
at intervals, and as a result his teeth had been extracted. About five weeks prior 
to Iris admission he became aware of dyspnea on exertion, swelling of the abdomen, 
and also edema of the feet and ankles. Physical examination revealed findings 
characteristic of congestive heart failure. 


The hematologic picture was that of chronic myelogenous leueemia. The basal 
metabolic rate was pins 35 with the temperature 97.0% the pulse 77, the respirations 
15, the blood pressure 1 OS/108, and the weight 109 pounds in the basal state Be- 
Tr , vTf tiVC ' lean filUure > totnl thyroidectomy was advised and accom- 

P ° U “ G ’ 1Mo ' usiD g » .avertin supplemented by 



102 


SURGERY 


novocaine locally. The gland removed weighed 24 grams. It revealed no evidence 
of abnormality. Except for moderate controllable subcutaneous oozing from the 
wound during the first twenty-four hours following the total thyroidectomy, there 
were no complications. 

During the preoperative period the urinary iodine vnried from 17 to 153, averaging 
91 micrograms daily. During the twenty-four hours subsequent to total thyroidectomy 
it increased to 2.0 mg. The average daily urinary excretion for the first eight post- 
operative days was 385 micrograms. It gradually decreased, so that at the time of 
dismissal it was at the lower range of normal. The average daily postoperative 
loss of iodine in the urine during an eleven-day period was 2G2 micrograms. 

At dismissal, March 17, 1935, the basal metabolic rate was minus 5, with the 
temperature 97.4°, the pulse 74, the respirations 15, the weight 150 pounds, and the 
blood pressure 140/90 in the basal state. 



j.'jg’, 3. — The urinary excretion of iodine following total thyroidectomy. 


Comment * — During the preoperative period the average daily uri- 
nary excretion of iodine was increased over normal. Immediately fol- 
lowing total thyroidectomy there was an even greater increase. This 
gradually decreased to the lower range of normal. 

PISCL'SSTO.V 


The duration of postoperative hospitalization of the six patients 
• vied depending upon the clinical improvement and the extent of 
Inbsoouent investigation. The results of the first eight postoperative 
tlavs are presented for comparison i>» Table IV. The average daily 
loss Of iodine during the entire postoperative periods is noted in the 

individual case reports. 
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Table IV summarizes the average daily preoperative loss of iodine. 
Two of the patients fall within the normal range. Two are at the 
upper limit and two are definitely high. The preoperative grand aver- 
age is 0.094 mg. This is higher than normal. 15 The reason for the 
increased blood iodine, 10 as well as the greater urinary loss, is not 
wholly clear. It may be a metabolic manifestation 'of cardiovascular 
disease. Perhaps secondary demands are made by the primary disease 
upon the thyroid mechanism as related to oxidation. Conceivably 
the nonthyroid iodine metabolism may be involved. Further investi- 
gation is necessary. 

Table IV 


Toss or Iodine in the Urine Following Total Thyroidectomy 


PATIENT 

PREOPERATIVE DAILY 
IODINE EXCRETION 

POSTOPERATIVE DAILY 
IODINE EXCRETION 

NO. 

DIAUIVUSIS 

RANGE 

AVERAGE 

RANGE 

AVERAGE 



MG. 

MG. 

MG. 

MG. 

i 

Hypertensive heart dis- 
ease 

0.066 to 0.408 

0.210 

2.635 to 0.043 

0.711 

2 

Hypertension 

0.028 to 0.176 

0.077 

2.470 to 0.031 

0.547 

3 

Hypertension 

0.010 to 0.130 

0.075 

1.630 to 0.036 

0.672 

4 

Hypertensive heart dis- 
ease 

0.022 to 0.110 

0.054 

2.240 to 0.055 

0.881 

5 

Chronic myelogenous leu- 
cemia with congestive 
heart failure 

0.014 to 0.260 

0.058 

| 

1.290 to 0.053 

1 

0.414 

6 

Chronic myelogenous leu- 
cemia with congestive 
heart failure 

0.017 to 0.153 

Grand average 
preoperative 

0.091 

0.094 

1.950 to 0.011 

Grand average 
for first eight 
days post- 
operative 

0.385 

0.601 


Considerable variability in the postoperative urinary excretion of 
iodine was observed. The average daily loss during the first eight 
postoperative days ranged from 2.635 mg. down to 0.011 mg. The 
grand average was 0.601 mg. It is obvious from these data that 
immediately following total thyroidectomy for cardiovascular disease 
there ensues a great increase in the urinary loss of iodine. 

Cattell" determined the urinary excretion of iodine during iodine 
medication in patients with exophthalmic goiter. He observed a post- 
operative decrease in iodine elimination. This was most evident dur- 
ing the. first three postoperative days. The increased postoperative 
loss which we report is comparable to that observed following partial 
thyroidectomy by Curtis and Phillips. 11 

Thyroidectomy m man, either partial, subtotal, or total, is thus 
followed by a transient but definite increase in the urinary loss of 
iodine. This persists for a varying period and then subsequently 
returns to normal. Up to 5 mg. of iodine may be thus rapidly lost 
An adequate explanation for this is not at present possible. Manipu- 
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lation aud trauma to the thyroid gland possibly account for a part 
of the immediate increase. These factors, however, do not account 
for its persistence. Too, we have observed 16 that following non- 
thyroid operations on remote parts, such as astragalectomy, hernior- 
rhaphy, and thoracoplasty, there is also an immediate postoperative 
increase in the urinary loss of iodine which persists for a varying 
period. It is possible that such procedures stimulate the thyroid gland 
to liberate increased amounts of iodine-containing substances, hence 
the postoperative increase in the blood iodine as well as the increased 
urinary loss. Both, however, occur following total thyroidectomy. 
After due consideration of the data available, a more comprehensive 
hypothesis is that the increased loss of iodine in the urine is a result 
of depletion of the extrathyroid tissues. 


CONCLUSION 


Following total thyroidectomy for cardiovascular disease, there en- 
sues a great increase in the urinary loss of iodine. . This is variably 
transient, usually persisting for about forty-eight hours. The daily 
iodine excretion subsequently returns to a lowered normal range. 
These data present added evidence that a pai’t of this increased post- 
operative loss of iodine originates from the extrathyroid tissues. It 
is possible that the thyroid gland exerts an as yet unrecognized effect 
upon the tissue iodine. 
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VENOUS STASIS ACCELERATES BONE REPAIR 

Herman E. Pea use, Jr,, M.D., and John J. Morton, M.D., 
Rochester, N. Y. 

(From the Department of Surgery, The University of Rochester School of Medicine 

and Dentistry) 

J N 1930 we 1 reported clinical and experimental observations leading to 
the conclusion that bone repair was accelerated by venous stasis. At 
that time it was pointed out that stasis hyperemia had been used clin- 
ically since the time of Ambroise Pare to promote the formation of 
callus in fractures. The statement of Nicoladoni that “an artificially 
produced and permanently maintained hyperemia will exercise a power- 
ful stimulus on the tissues and tissue elements which participate in 
callus formation” was quoted. Others advocating venous stasis to in- 
crease deficient callus formation and to stimulate bone regeneration 
were mentioned. Our own experience in clinical cases was given. 

References were also cited to show that many observers had noted the 
correlation between venous stasis and the overgrowth of bone in path- 
ologic states. Conditions such as meningioma, long-standing leg ulcers, 
arteriovenous aneurysms, hemangieetasis, varicose veins, and congestive 
cardiac failure, have been considered responsible for increases in the 
length and thickness of bone. Harbin'- has observed this effect in a 
patient with nevus and congenitally enlarged veins, and recently Harris 
and McDonald -1 have reported a similar change following extensive 
thrombophlebitis of the femoral and iliac veins. 

Finally, twelve experiments in dogs were reported in which both 
fibulas were divided and the popliteal vein of one side was ligated. In 
eleven of these twelve experiments the accelerated healing due to venous 
stasis was manifested by earlier formation of callus and earlier union. 

From these data wc concluded that venous stasis caused stimulation of 
bone growth. AVe reemphasized this in a subsequent paper. ■* 

Observations were made later by McMaster and Roomc 5 who repeated 
our experiments and confirmed our results. They sectioned the dog’s 
fibula, compared healing with and without vein ligation, and concluded 
that “experimental venous stasis in dogs hastened bone repair.” In 
■\ second paper Roomc and McMaster' 1 demonstrated that hcterotopic 
bone is also increased by venous stasis. They made autotransplants of 
the mucosa of the urinary bladder into the muscles of the dog’s hind 
j On one side the veins wore occluded, and here a greater amount 
hone was formed in the transplant. By this ingenious experiment the 
authors contributed evidence different from any previously offered on 

the subject. 

for mibllrntton. ?'• > : ' sr - 

10 *- 
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From the foregoing statements one might consider as a fact that bone 
growth was stimulated by venous stasis. It was so considered until Key 
and Walton 7 threw doubt upon it by failing to produce the effect in 
dogs. They admit that they have obtained healing in clinical cases of 
delayed union of fractures treated by passive hyperemia, so that ap- 
parently onl.y tlie experimental findings are questioned. 

Key and Walton tried our experiment on the fibula in six dogs which, 
when killed for study in ten weeks, showed only one instance of firmer 
union on the ligated side. They judged this to be due to the “unhappy 
choice of the site of bone defect.” This is rather an amazing state- 
ment, for the fibula has been used by ITarvey and his coworkers, 8 Mc- 
Master and Koome, 0 Zollinger, 9 Sweeney and Laurens, 10 and others for 
experiments on bone repair. Moreover, we selected it only after careful 
dissections had shown that it had the best relation of venous return to 
bone defect for a test of our question. Key and Walton, however, felt 
that the ulna was a preferable location. They operated upon twenty- 
four dogs, resecting approximately 0.5 cm. of bone and tying all the 
veins in sight, so that the animals’ legs become edematous for two weeks 
or more. No difference in healing was observed between the ligated and 
control sides and on the strength of this, the authors challenged our 
findings. 

When we read their paper, we felt that they had condemned our re- 
sults without adequately repeating our experiments. They discarded 
the fibula after six experiments, the results of which were judged, as 
far as one can tell, from sacrifice of the animal at the arbitrary time 
of ten weeks, without taking serial roentgenograms to observe the rate 
of healing. In their work on the ulna, conditions prevailed that were 
absent from our experiments, for they ligated ‘ ‘ all the large veins which 
could be identified in the region of the elbow” (both superficial and 
deep), causing persistent swelling and edema. This indicates circulatory 
failure and must have been associated with impaired function of the 
extremity; therefore a comparison was made between conditions re- 
sulting in circulatory and functional disability and those in which these 
factors were absent. This did not look right, but as Key and Walton 
were attacking the validity of our results on the basis of these experi- 
ments, we felt obliged to repeat them. 


RESECTION OF THE ULNA 

We originally intended to do a series of ulnar resections, but after 
operating upon seven dogs we were convinced that it was a poor place 
for the experiment. For not only was there postoperative swelling, 
edema, and disability from the indiscriminate tying of veins, but also 
there was excessive bleeding at the time the bone was sectioned. The 
latter was sometimes venous, sometimes arterial, and came from deep 
within the wound. This demanded an explanation, for it violated the 
premise that the only alteration of the circulation was that produced 
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intentionally to create the conditions of the experiment. Consequently, 
the blood supply of the dog 's foreleg was studied by dissection. It was 
found that the volar interosseous artery and vein (or veins) occupied 
most of the space between the radius and the ulna (Fig. 1). These 
vessels in the dog are as large as any others in the foreleg. With all 
the muscles stripped off the leg, and the bone and vessels in view, it was 
sometimes impossible to do a subperiosteal resection of the ulna without 
injuring them. In fact, occasionally 7 one could not insert a knife blade 
between bone and artery without damage to the latter. Imagine the 
uncertainty 7 of trying to avoid these vessels while working through a 
surgical incision! 



yjp. 1. — The anatomy of the doe's foreleg-. /, a cross-scctlon illustrating th«* intl- 
mato relation of the volar Interosseous vessels to the bone; 2 , n. schematic drawing 
to show* how these vessels may be Injured In the operation of Key and Walton. 


We found, as did Key and Walton, 7 that there was no increase in the 
rate of hone repair on the side having the veins tied. But we con- 
sidered the results meaningless in view of t he uncontrolled factors ex- 
isting in the experiment. 

OTHER ROTATIONS EOIi HONE RESECTION 


Vs Kcv and Walton did not like our use of the fibula and wo felt 
•nr more strnmdv about their selection of the ulna, it appeared desirable 
, try some other 'location for the experiment. 
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We tried removing a segment of the radius, but here, as with the ulna, 
damage to the interosseous vessels occurred; therefore the foreleg was 
eliminated as a suitable site for trial. The next attempt was to create 
bilateral burr holes in the skull, but here the arrangement of the diploic 
veins made it impossible to obtain unilateral venous stasis. Next, bi- 
lateral rib resections were tried and the intercostal veins were ligated 
and divided on one side. A preliminary series of four experiments was 
done in this manner. In all it was found that the small intercostal veins 
regenerated rapidly by collaterals, thus preventing adequate venous 
hyperemia. Then defects in the tibia were tried, first by creating a 
U-shaped defect in the crest, and later by burr holes just below the 
tubercle. It was found that the defects in the tibial crest smoothed out 



Fig-. 2. — When a burr hole in the tibia is used to study bone repair, a false impres- 
sion of healing of the defect Is given by slight rotation of the leg in taking the x-ray 
(right). 

in healing so that no sharp end point could be relied upon; hence they 
were discarded. Since the burr holes through the tibia just below the 
tubercle appeared more satisfactory, nine dogs were operated upon, burr 
holes being made in both sides and the popliteal vein ligated in one leg. 
In view of the collateral anastomoses about the knee joint one might 
question the amount of venous stasis produced, but this was not tlie 
most serious objection, for it was found that unless the direction in 
which the roentgenogram was taken corresponded exactly with that of 
the burr hole, overlapping of the edges occurred, giving the impression of 
greater calcification than actually existed (Fig. 2). This made one dis- 
trust the results, and even though some of the animals showed accelerated 
bone repair on the side of the venous stasis, the findings were considered 
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To satisfy our requirements it was necessary to do the bone resection 
in such a way that postoperative splinting was eliminated, functional 
disability was minimized, and damage to the circulation avoided. In 
addition, the venous stasis had to be adequate in the region of the hone 
defect, yet cause a minimum change in the remainder of the circulation. 
We had originally chosen the fibula as best meeting these requirements, 
and after trying other locations, we were convinced that it was the most 
desirable location for the purpose. 

RESECTION OF FIBULA 

It was decided to repeat our original experiments; eighleen dogs were 
operated upon, resecting between 3 and 4 mm. of both fibulas in the 
upper third and ligating the popliteal vein on the right. This tcclmic 
has been described, 1 but it might be well to amplify some details. The 
bone resection is easier if the hind legs are placed on round sandbags sup- 
porting the upper calf, and the ankle is pulled to the edge of the table 
by a strap. This steadies the legs and flattens out. the muscles. Bleed- 
ing is avoided by approaching the fibula through intermuscular septa, 
but when the bone is reached, muscle is found to attach to the periosteum. 
The fibers, however, run laterally from each side so that, approaching 
from the back, it is usually possible to cut the periosteum for an inch 
without dividing any muscle. The placing of a small mastoid retractor 
at this stage gives good exposure, after which the periosteum may be 
freed. This requires care, for the periosteum is thin, but with delicate 
instruments and technic its separation is not particularly difficult. The 
best tools are a slightly curved, thin, blunt elevator about 5 mm. wide, 
which is often used in submucous resection, or a dental elevator, which 
is usually a little narrower. A right-angle dental elevator is sometimes 
useful to free the undersurface of the bone. After separating the 
periosteum, it is held down in order that the bone may he lifted and 
cut with a small Ilibbs spinous process cutter. 

Attention is given the details of hone resection, for it is our feeling 
that most failures can he traced to improper tcclmic resulting in loss 
of continuity of the periosteum, thus allowing muscle to interpose be- 
tween the fragments. Another possible error is to mistake the lesser 
saphenous vein for die smaller, more concealed popliteal at the time of 
vein ligation. If this is (lone, no venous slasis results in the region of 
hone resection. 

The technic of our experiments on the fibula bus become as nearly 
standardized as any surgical operation could be. Thus we may con- 
fdcnl'lv expect that if a result is obtained, it will be due to the condi- 
tions of the experiment and not to chance. We found that of the IS 
11 ' . fr c n\l resection of flic fibula and unilateral popliteal vein 

dogs la ' in f , ' f j accelerated healing on the side having the vein tied 
(Fi"'°3) T,! 2 animals there was no difference in the rate of repair, 
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and 2 died of distemper before the experiment was completed. Combin- 
ing' these results with those already published, one finds that of 30 
experiments, 25 showed increased bone growth with venous stasis, 3 had 
no change, and 2 were terminated by the death of the animals. Eliminat- 
ing the latter from calculation gives 25 out of 2S, or 90 per cent of the 
animals, which showed accelerated bone repair with venous hyperemia. 
The increase in rale of healing was considered moderate or extreme in 
15 and only slight in the remaining 10. These latter were all in our 
recent series and rather surprised us, for we had observed no slight 
effects in our original experiments. The apparent explanation was 
found, however, in the fact that 8 of the 10 were young dogs. In young 
animals bone defects heal in about five weeks rather than the nine or 
ten weeks required by the mature adult. It was felt that the speed 
of this reparative reaction was such that it could not be increased much 
beyond the normal rate of repair,- hence the effect of the venous stasis 
was not as apparent as in the older animals. 


SUMMARY 

In previous publications we showed that venous stasis had long been 
used to accelerate the healing of fractures, an observation which wc 
were able to confirm. Moreover, many writers had noted the overgrowth 
of hone when venous hyperemia was caused by pathologic processes. In 
addition, 2S experiments on dogs' fibulas have revealed increased healing 
in 25 (90 per cent) of the animals, on the side having venous congestion 
produced by ligation of the popliteal vein. This observation has been 
confirmed by McMaster and Roome 5 who, in addition, showed that 
heterotopic transplants of bone grew more rapidly with venous hyper- 
emia. Although this fact lias been questioned by Ivey and Walton, 7 we 
feel that the weight of evidence is sufficient to warrant reiteration of 
our contention that venous stasis stimulates bone growth. 
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SYNOVIOMA 

Report op Fifteen Cases With Review op Literature 
Bradley L. Coley, M.D., and John C. Pierson, M.D., New York 

(From Bone Tumor Department of Memorial Hospital and the Hospital for the 

(Ruptured and Crippled) 

U NTIL a decade ago, little attention had been paid to a form of 
malignant tumor occurring in or about joints, cliai’acterized by 
a distinctive histologic appearance, a tendency to recur after excision 
and often to metastasize to the lungs. Their origin from synovial 
membrane is now established. They may be found, therefore, within 
the joint cavity, but may also arise from bursae, or from pouches or 
prolongations of the joint. They may also involve connective tissue, 
tendon sheaths, and lymphatics. They may give rise to symptoms 
which may simulate many of the more common conditions arising 
within the joints, 

historical 

One of the first cases of primary synovial tumor was reported in 
1865 by Langenbeek. 10 In 1894, Hardie and’ Salter 0 reported one 
case and mentioned another. C. B. Lockwood 12 and G. R. Turner 16 
each reported a case in 1902. In 1910, Lejars, and Rubens Duval 11 
published a case report. Then Faceini, cited by Smith, 15 reviewed 
all cases to 1923. Four years later Lawrence Smith 13 added three 
cases, introducing the term “synovioma,” which, while it departs 
from the custom of designating a tumor according to its embryologic 
origin, has several advantages. As Smith has pointed out, the term 
obviously indicates the tumor’s origin, yet “offers a loophole of escape 
when the exact tissue of origin is debatable.” It is one that easily 
lends itself to classification in any published index, and follows the 
precedent for nomenclature in such tumors as hypernephroma and 
meningioma. 

Talbot, cited by Faulkner, 5 added three cases in 1928, his discussion 
being limited to primary synovial membrane tumors containing giant 
cells. In 1931, Razemon and Bizard 14 reviewed the literature for all 
primary tumors of the articulations and found 74 cases. Of these, 
29 were malignant fibro spindle cell sarcoma. Many of these tumors 
were called “Tumeurs a cellules geantes,” these being subdivided into 
the diffuse and circumscribed. Although one cannot be certain these 
might be classed as synoviomas. There are eight well-defined eases 
included in t is report that are probably of synovial origin; of these, 
six we re m the knee-, five recurred after excision requiring a second 

Rrcelvcl for publication. AiiKust 27. 193B. 
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ivide excision or amputation; three patients died of pulmonary metas- 
tases -within one year after the first symptoms were noticed. L. C. 
Wagner 1, also reported two eases in 1931. One of these, a synovioma 
of the right knee, recurred after local excision and finally came lo 
amputation. Postoperative treatment included irradiation and a thor- 
ough course of Coley’s toxins. The patient remained well for ten 
years and is one of the few known to have survived a five-year period, 
lie died, however, of pulmonary metastases in October, 1935. The 
second patient is well three years following local excision at the ankle. 
Again the literature was briefly reviewed by Faulkner 5 in 1931 and 
turn cases were added. Both of these occurred in the knee, were ex- 
cised locally, and were given high voltage x-ray therapy with no evi- 
dence of recurrence or metastasis six years later. In 1933, Leila Charl- 
ton Knox® added three eases. Two of these patients died of pulmonary 
metastases four and six years, respectively, following amputation. In 
one of these eases the chest metastases were treated with high voltage 
x-rays, but with no improvement. In April, 1934, W. B. Coley 3 pre- 
sented before the New York Surgical Society a case of synovioma 
of the knee joint treated by excision. Following recurrence, it was 
again excised with removal of the patella, and a course of Coley’s 
toxins was given together with high voltage x-ray therapy. The 
patient remained well three years. A case of “Synovialoma” (Histio- 
cytoma) was reported by L. La Ferla and 6 . Demelas 9 that same year. 
In 1935, Hodgson and Bishop 1 reported an interesting case of syn- 
ovioma of the knee, the patient giving a history of trauma eight 
months before the discovery of the tumor. High-voltage x-rays and 
Coley’s toxins were tried without benefit. Hydrarthrosis and lymph 
stasis developed, followed by inguinal adenopathy. Finally, metastases 
appeared in the skin of the thigh as little shotlike masses which later 
broke down, draining serous fluid. An excised skin nodule showed the 
same structure as did one of the inguinal nodes. Death occurred seven 
months after the onset of the disease. 

Since 1900, 24 cases of primary synovial membrane tumors have 
been observed at. the Memorial Hospital. Some of these were merely 
sections submitted for diagnosis, and because of insufficient follow-up 
data these are not included in this report. There are, however, 15 
cases that have been carefully followed, the detailed reports of which 


arc here given. 

j jj a fortv-five-year-old Austrian cabinet maker. Has admitted to the 

Vemorial Hospital’, service of I>r. .Tames Huffy, on I>ee. I, in.1l. He roa, plained of 
IV , rn the radial aspoot of the loft index finder of seven months' duration. 
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There was • Tlim> mont ii« after tin* nppenrnuee of the tumor, it was expired, 

pursuing »s Vxamination di-elo-ed a firm, niovnht.- nod, do 7 ram. In diameter on 
oMhe first interphnhnuval joint. There ,vn, moderate tender, 
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A few smaller nodules were found on tlie dorsum of the linger. Extension was lim- 
ited to 150 degrees. There was no adenopathy. X-ray films showed a soft part 
tumor of the left index finger, with no bone involvement. 

Pathologic Report. — Of submitted slide, synovioma (Stewart). 

Treatment. — Prophylactic irradiation to the left index finger, using a dosage of 
S00 r. to each of two portals. This was given within a period of eighteen 
days. Factors: 19S Iv.V. S.T.D. 50 cm. Field: 5.2 x 5.2 cm. 

Course. — Has had 1,600 r. to each of two portals, but tumor continues to 
grow. Chest film negative for metastases. Patient advised to have amputation, to 
which he consents. (Jan. 15, 1936.) 


Case 2. — J. C., a nine-montli-old male infant, was admitted to the Memorial Hospi- 
tal in April, 1931, service of Hr. F. E. Adair. When the child was two months old, 
the parents had noticed a tumor of the left knee mesial to the patella. At that time 
the tumor was excised, but recurred within one month. Examination revealed a 
tumor of the left knee extending 4 cm. above and below the patella. There was no 
bone involvement. 

Operation. — Wide excision by Dr. Adair on April 22, 1931. The joint became in- 
fected and erysipelas developed, following which the patient made a satisfactory 
recovery. 

Pathologic Report. — Mesothelioma arising in the synovial structures malignant and 
capable of metastases. (Stewart.) 

Irradiation. — Four months postoperatively irradiation was begun, giving 595 
r. to each of two portals for a total of 1,195 r. in six months. Factors: 198 
K.V. S.T.D. 50 cm. Field : 10 x 10 cm. 

Course. — Three years and six months later the chest film was negative for metas- 
tasis, and there was no evidence of recurrence. Left leg 2 cm. shorter than the right. 
Patient was perfectly well and gaining weight. 

Case 3. — V. C., a twenty-four-year-old American student, was admitted to the Me- 
morial Hospital April 13, 1931, service of Dr. Adair. Six months prior to entry he 
noticed a pain in the heel of the right foot. Ten months later he noticed a tumor 
in the intermalleolar fossa extending down to the heel. A local excision was done, 
with prompt recurrence of the tumor. Examination disclosed a scar on the right 
lower leg 8.0 cm. in length, extending from the side of the heel up to the malleolus. 
There was no adenopathy. X-ray films showed slight periostitis of the shaft of the 
fifth metatarsal. A chest film was negative for metastasis; however, on March 14, 
1932, nodules interpreted as advanced pulmonary metastases were seen throughout 
both lung fields. 

Pathologic Report. — Of submitted slide, synovioma (Stewart). 

Irradiation. Given 2,520 r. to each of two portals over a period of one year. 
Also 1,600 r. to chest. Factors: Foot: 140 K.V. S.T.D. 38 cm. Chest: 200 
K.V. S.T.D. 70 cm. 

Course. Died April, 1932, of pulmonary metastases, two years and six months 
after first symptom was noticed. 


Case 4. L. B., a tliirty-five-year-old Canadian clergyman, was admitted to the 
Memorial Hospital January 15, 1934, service of Dr. William L. Watson, complaining 
of swelling on the plantar surface of the right foot of three years’ duration. The 
swelling had progressed so that in one year it had extended to the dorsum of the 
foot. It was aspirated in 1932 and again in 1934. Patient experienced severe pain 
on walking, even when no shoe was worn. Examination revealed a soft tumor, which 
could bo somewhat reduced by pressure, located on tlie plantar surface of the right 
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wide excision or amputation; three patients died of pulmonary mctas- 
tases within one year after the first symptoms were noticed. L. C. 
Wagner 1 ' also reported two eases in 1931. One of these, a synovioma 
of the right knee, recurred after local excision and finally came lo 
amputation. Postoperative treatment included irradiation and a thor- 
ough course of Coley's toxins. The patient remained well for ten 
years and is one of the few known to have survived a five-year period. 
He died, however, of pulmonary metastases in October, 1935. The 
second patient is well three years following local excision at the ankle. 
Again the literature was briefly reviewed by Faulkner' in 1931 and 
two cases were added. Both of these occurred in the knee, were ex- 
cised locally, and were given high voltage x-ray therapy with no evi- 
dence of recurrence or metastasis six years later. In 1933, Leila Charl- 
ton Ivnox s added three eases. Two of these patients died of pulmonary 
metastases four and six years, respectively, following amputation. In 
one of these cases the chest metastases were treated with high voltage 
x-rays, but with no improvement. In April, 1934, W. B. Coley 3 pre- 
sented before the New York Surgical Society a case of synovioma 
of the knee joint treated by excision. Following recurrence, it was 
again excised with removal of the patella, and a course of Coley’s 
toxins was given together with high voltage x-ray therapy. 'The 
patient remained rvell three years. A case of “Synovialoma” (Histio- 
cytoma) was reported by L. La Ferla and G. Demelas 9 that same year. 
In 1935, Hodgson and Bishop 7 reported an interesting case of syn- 
ovioma of the knee, the patient giving a history of trauma eight 
months before the discovery of the tumor. High-voltage x-rays and 
Coley’s toxins were tried without benefit. Hydrarthrosis and lymph 
stasis developed, followed by inguinal adenopathy. Finally, metastases 
appeared in the skin of the thigh as little shotlike masses which later 
broke down, draining serous fluid. An excised skin nodule showed the 
same structure as did one of the inguinal nodes. Death occurred seven 
months after the onset of the disease. 

Since 1900, 24 cases of primary synovial membrane tumors have 
been observed at the Memorial Hospital. Some of these were merely 
sections submitted for diagnosis, and because of insufficient follow-up 
data these are not included in this report. There are, however, lf> 
cases that have been carefully followed, the detailed reports of which 

are here given. 

_ . a f or tv-five-year-oId Austrian cabinet maker, ivns admitted to the 

H . r vice of Dr. James Duffy, on Doe. 1. l.n.'S f. He complained of 
Memon.i ° ,i 1( , ' r: ,di:il aspect of tlic left index finger of seven mon tbs' duration, 
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There was no T- Tliree mcil)t h? after the appearance of the tumor, it was excised, 
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A few smaller nodules were found on the dorsum of the finger. Extension was lim- 
ited to 150 degrees. There was no adenopathy. X-ray films showed a soft part 
tumor of the left index finger, with no bone involvement. 

Pathologic licport. — Of submitted slide, synovioma (Stewart). 

Treatment. — Prophylactic irradiation to the left index finger, using a dosage of 
800 r. to each of two portals. This w-as given within a period of eighteen 
days. Factors: 19S K.V. S.T.D. 50 cm. Field: 5.2 x 5.2 cm. 

Course. — Has had 1,600 r. to each of two portals, but tumor continues to 
grow. Chest film negative for metastases. Patient advised to have amputation, to 
which he consents. (Jan. 15, 193G.) 


Case 2. — J. C., a nine-month-old male infant, was admitted to the Memorial Hospi- 
tal in April, 1931, service of Dr. F. E. Adair. When the child was two months old, 
the parents had noticed a tumor of the left knee mesial to the patella. At that time 
the tumor was excised, but recurred within one month. Examination revealed a 
tumor of the left knee extending 4 cm. above and below the patella. There was no 
bone involvement. 

Operation. — Wide excision by Dr. Adair on April 22, 1931. The joint became in- 
fected and erysipelas developed, following which the patient made a satisfactory 
recovery. 

Pathologic Peport. — Mesothelioma arising in the synovial structures malignant and 
capable of metastases. (Stewart.) 

Irradiation. — Four months postoperatively irradiation was begun, giving 595 
r. to each of two portals for a total of 1,195 r. in six months. Factors: 198 
K.V. S.T.D. 50 cm. Field : 10x10 cm. 

Course. — Three years and six months later the chest film was negative for metas- 
tasis, and there was no evidence of recurrence. Left leg 2 cm. shorter than the right. 
Patient was perfectly well and gaining weight. 

Case 3. — V. C., a twenty-four-year-old American student, was admitted to the Me- 
morial Hospital April 13, 1931, service of Dr. Adair. Six months prior to entry he 
noticed a pain in the heel of the right foot. Ten months later he noticed a tumor 
in the intermalleolar fossa extending down to the heel. A local excision was done, 
with prompt recurrence of the tumor. Examination disclosed a scar on the right 
lower leg 8.0 cm. in length, extending from the side of the heel up to the malleolus. 
There was no adenopathy. X-ray films showed slight periostitis of the shaft of the 
fifth metatarsal. A chest film was negative for metastasis; however, on March 14, 
1932, nodules interpreted as advanced pulmonary metastases were seen throughout 
both lung fields. 

Pathologic Peport. — Of submitted slide, synovioma (Stewart). 

Irradiation. Given 2,520 r. to each of two portals over a period of one year. 
Also 1,600 r. to chest. Factors: Foot: 140 K.V. S.T.D. 38 cm. Chest: 200 
K.V. S.T.D. 70 cm. 

Course. Died April, 1932, of pulmonary metastases, two years and six months 
after first symptom was noticed. 


Case 4. L. B., a thirty-five-year-old Canadian clergyman, was admitted to the 
Memorial Hospital January 15 , 1934, service of Dr. William L. Watson, complaining 
of swelling on the plantar surface of the right foot of three years’ duration. The 
swelling had progressed so that in one year it had extended to the dorsum of the 
foot. It was aspirated in 1932 and again in 1934. Patient experienced severe pain 
on wal ung, even when no shoe was worn. Examination revealed a soft tumor, which 
could be “"’ew iat reduced by pressure, located on the plantar surface of the right 
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Pathologic Report. — Synovioma, capable of metastasis. 

Treatment .— On January 15, 1933, given 500 r. . x 2. Patient then left the 
hospital and returned in two weeks, the pain being greatly relieved. Prom April 19 
to 20, 1934, he was given 000 r. x 2. Factors: 140 IC.V. S.T.D. 30 cm. On 
December 0, 1934, there was slight improvement, but the lesion had increased in size 
and weight-bearing was painful. Amputation was done at the upper tliird of the leg. 
The patient was fitted with an artificial limb and was walking within one month 
after entrance to the hospital. 

Course . — Although the patient is now symptom-free, x-ray films of the chest in 
March, 1930, showed metastatic infiltration of both lung fields. 

Case 5. — M. S., a twenty-two-year-old American girl, was admitted to the Memorial 
Hospital September 15, 1933, service of Dr. Adair. Seven years prior to entry she 
suffered a slight trauma to the dorsum of the left hand, following which a lump the 
size of a bean appeared. There was no increase in size until fourteen months before 
entry, when it grew to the size of a hen 's egg. Local excision was done twelve 
months before admission. Examination revealed a hard, fixed tumor on the dorsum 
of the left hand. There was no tenderness, and no sensory or motor involvement. 
One year after local excision, two discrete nodular shadows were seen, one just above 
the right diaphragm, the other on the third interspace. One month later, the patient 
had a pleural effusion. On Oct. 19, 1933, amputation was done 10 cm. above the 
wrist. 

Pathologic Report . — Malignant synovioma or endothelioma. 

Course . — Died January, 1935, of pulmonary metastases. Duration of symptoms — 
four years. 


Case (i. — M. T., a forty-seven-year-old Russian male, was admitted to the Memorial 
Hospital January 13, 1934, service of Dr. Adair, complaining of painful swelling of 
the left knee. Two years prior to entry he suffered severe trauma to the knee which 
soon became swollen and inflamed. Within a week this subsided and he resumed 
work. Four months after injury he noticed pain and swelling in the joint. Operation 
was performed, followed by two courses of irradiation of ten treatments each, oxtend- 
ing over a period of three months. The patient was well for a year and a half, when 
he noticed pain on the inner aspect of the knee joint. The leg was placed in a cast 
for eight weeks, but tho pain became more severe. More x-ray treatment was given, 
without improvement. On examination the knee was tender, shiny, epilated. It was 
enlarged and irregular in contour, the swelling being hard and confined to the antero- 
medial aspect of the knee joint. Motion was limited to about five degrees. X-ray 
films showed marked porosity of the bones of the left knee. There wns no tumor of 
the bone or soft parts. The chest showed metastases. Amputation wns done for 
pain, and the stump was revised twenty-two days later. 

Pathologic Report . — A firm, yellow, edematous specimen with flecks of deposited 
Calcium. Ho gross bone. A tendency to break down into villous cysts. Microscopic 
diagnosis: malignant synovioma. 

Irradiation. — Preoperatively 72, <100 r. « 4 to knee. One hundred eighty IC.V. 
STD. 40 cm. At Memorial Hospital he was given two cycles 750 r. x 3. 
Factors-- 19S IC.V. 50 cm. Fields: 15.0 x 7.S cin. Total irradiation to knee 9,450 
y 3 To chest 1,000 r. x S. Patient died Dcceinber. 1954, of pulmonary metastases. 
Duration of symptoms- three years. 


p a tliirtv-five -year-old Jewish housewife, wns admitted to the Me- 

CASE'. • j f0r vi ce of Dr. Bradley Coley. Eight years before entry 

morial ospi a - ■ ’ ’ () knee associated with mild pain. This was ac- 
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aspect of the right thigh near the joint to be somewhat swollen, with a tumor measur- 
ing 6.0 by 5.0 cm. There was no adenopathy. X-ray films showed a tumor of the 
soft parts just above the external condyle. There was no bone involvement. 

Operation . — In November, 1934, local excision was done and a tumor communi- 
cating with the knee joint was removed. 

Pathologic Report . — Synovioma capable of metastasis. 

Irradiation . — One week postoperatively began with a dosage of 200 r. daily from 
Nov. 27, 1934, to Jan. S, 1935, for a total of 2,400 r. x 3. Factors: 198 K.V. 
S.T.D. 63 cm. Field: 8 cm. 

Course . — Patient was perfectly well June 22, 1936. Chest film negative for metas- 
tasis. Good function of the knee joint. 


Case 8. — N. C., a twelve-year-old American schoolgirl, was first seen by Dr. 
Schuyler Pulford in September, 1932. One year prior to observation she noticed a 
small lump over the left knee, which gradually developed into a painful mass the size 
of an ordinary lemon. There was no history of injury. X-ray films showed a pressure 
atrophy of the fibula. 

Operation . — A local excision was done in September, 1932, by Dr. Gustav IVilson. 
At operation a tumor of grayish white soft tissue resembling brain substance was 
encountered. Following biopsy and exploration, a complete course of x-ray therapy 
was given, followed by amputation. 

Pathologic Report . — Synovioma of low-grade malignancy and capable of metas- 
tasis. (L. Smith.) 

Course . — Patient is wearing an artificial leg and is perfectly well six years after 
operation. 


Case 9. — I. S., a sixty-four-year- old white Russian locksmith, was admitted to the 
Memorial Hospital June 22, 1932, service of Dr. Adair, complaining of a tumor of 
the right foot of five months’ duration. He did not see a physician until one week 
prior to entry, when he was referred to the Hospital for the Ruptured and Crippled. 
Examination disclosed a swelling on the inner surface of the foot about the internal 
malleolus. The only tenderness was on the plantar surface. X-ray films showed no 
evidence of bone tumor formation. Aspiration biopsy was attempted without suc- 
cess. 

Operation . — Local excision was done Aug. 4, 1932. 

Pathologic Report . — Spindle cell sarcoma suggestive of bursal or synovial origin. 
(Despite the report of no radiation, it looks like a treated case. There are abortive 
cell divisions, infarction, endarteritis, and sclerosis.) Process does not look highly 
malignant and looks as if it might sclerose with radiation. 

Irradiation .— Given 800 r. x 2 in two days. Factors: 198 K.V. 0.5 mm. 
Cu S.T.D. 50 cm. Field: 8.0 x 8.0 cm. 

Course. Leg amputated below the knee on Sept. 14, 1932. Slides of this specimen 
showed the tumor to be a synovioma. Course was uneventful until June, 1934, when 
the stump began to show changes which appeared to be secondary to arteriosclerosis. 
In December, 19o4, a aidthigh amputation was done for arteriosclerotic disease. No 
tumor was found in this specimen. Films of the chest taken at this time were nega- 
tive for metastases. The patient was last seen in January, 1936. There was a low 
grade inflammation in the stump which requires dressings. No evidence of pulmo- 
nary metastasis. 


Case 10. M. P., a twenty-seven-year-old Jewish accountant, was admitted to the 
Memorial Hospital Sept. 4, 1934, service of Dr. George Pack. Nine months before 
admission the patient suffered an injury to the right palm with lacerations. The 
pam of t io injury persisted until four months before admission, although bakinc and 
massage were used to alleviate it The swelling that attended this injun- persisted 
and increased until a local excision was done at another hospital three months prior 
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to admission. One week before admission a second excision was d one, and a cystic, 
well-circumscribed tumor was removed. Examination revealed a healed, transverse in- 
cision across the palm, measuring about 3 by 3.5 cm. This traversed a soft, firm 
tumor mass. The fingers were semiflexed and forced extension caused severe pain. 

Pathologic Report . — An aspiration biopsy was negative. A submitted slide from 
the second operation was reviewed by Dr. Ewing and found to be papillary endo- 
thelioma of tendon sheath or bursal origin. Grade 11 R.R. (synovioma). 

Treatment . — Given 2,500 r. x 2 within ten days. Factors: 198 K.V. S.T.D. 
50 cm. Field: 7.S x 7.S cm. 

Course . — Tumor is now one-fifth its original size and the patient has good function 
of fingers. Chest films were negative for mefasfnses Jan. 15, 1936. 

Case 11. — A. H., a sixteen-vear-ohl Jewish schoolgirl, was admitted to the Hospital 
for the Ruptured and Crippled in November, 1933, service of Dr. William B. Coley. 
She complained of pain in the left knee of six months’ duration. There was no as- 
sociated trauma. Examination disclosed a freely movable, firm mass, the size of a 
lima bean, on the medial aspect of the knee. 

Operation . — A local excision was done in November, 1933. In February, 1934, 
there was a recurrence. The patient was again operated upon, a wide excision of the 
tumor with excision of the patella being done. 

Pathologic Report . — Fibrosarcoma of synovial membrane (synovioma). 

Course . — In March, 1934, the patient received irradiation with the 4 gram radium 
element pack at 6 cm., the dosage being 22,000 mg. hr. mesially, and 16,000 mg. hr. 
laterally (March 25 to 31). When last seen in April, 1936, she was perfectly well, 
had good function of the joint, and walked without a limp. Chest films were negative 
for metastasos. 


Case 12. — M. D., a fortv-five-year-old American housewife, was first seen by Dr. 
Fred O. Coe on Jan. S, 1930. One month prior to observation, she complained of a 
painful swelling over the ball of the left great foe. This was regarded as a bursitis, 
and the head of the second metatarsal was resected. Tiro months after operation, 
sevdral small nodules appeared close to the scar. The patient was given x-ray 
therapy without effect, and definite recurrence was found in August, 1932, twenty- 
one months after operation. 

Operation . — A local excision was done in March, 1933, and again in August, 1933. 
The patient was given two x-ray treatments amounting to a full erythema dose. 

Pathologic Report. — Synovioma. 

Irradiation . — In January, 1934, a small subcutaneous mass was palpable, and 
within three days 1,200 r. x 2 were given. Patient received -4,500 r. x 2 within a 
period of nine months. Factors: 220 K.V. Filter: 1.2 mm. Cu Field: 7.0 x 7.0 


cm. 

Course. When seen in August, 1935, she was perfectly well. Chest films were 

negative for metastases. Fairly good function of foot. 

C\SF. 13 M. G.. a forty-five-year-old white Hebrew, was admitted to the Eincoln 

IT /-tal on July 1935, service of Dr. S. Epstein, complaining of a tumor mass 
£° the left knee”. In September, 1932, he noticed a painless lump in the region of 
the left patella, which slowly grew to the size of a small orange. It was thought 
1 a lipoma and was excised as such in July, 1933. No pathologic examination 
as made of this specimen. In December, 1933 (five months .after operation), there 

was a recurrence. ^ 1934, an extensive excision of the tumor mass with a 

Operation.— n * ' 5 patella was done. In May, 1935, fourteen months 

pedicle grn 0 c recurrence, .and the tumor mass was again excised. 

*„i a - thorp AVa? nnOiiur 

lat ’ . - r . r , nr t .Synovioma (Stewart). 

Pathologic -/.</ • • . 10;:,: the patient «s« found to have .another 

Cour-c — When last seen m dune. 

recurrence; amputation advised. 
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Case 14. — J. M., a twenty-nine-year-old Jewish housewife, was admitted to the 
Memorial Hospital April 1, 1936, service of Dr. IV. B. Coley. Nine years prior to 
entry she noticed pain in the right popliteal space while horseback riding. There 
was no history of trauma. Two years later a small bean-sized tumor appeared just 
below the popliteal space. A local excision was done, but a recurrence appeared two* 
years later. Five years ago the tumor was again excised. Owing to involvement of 
peroneal nerve, foot-drop followed this procedure. One year ago, a second recur- 
rence was treated by wide excision. The patient had been moderately dyspneic for 
the past four months. X-ray films taken April 1, 1936, showed extensive chest 
metastases. 

Pathologic Report. — Synovioma. 

Irradiation . — Patient was given 400 r. units to each of four portals in left chest. 
Factors: 198 K.V. 70 cm. Field: 14 x 14 cm. 

Course . — Patient died of chest metastases on April 3, 1936. 

Case 15. — F. K., a forty-four-year-old Jewish housewife, was admitted to the 
Memorial Hospital on Jan. 20, 1936, service of Dr. George Pack. One year before 
her admission she noticed a painless swelling on the medial aspect of the dorsum of 
the left foot. There was no history of trauma. Six weeks before admission the tumor 
was excised, but there was a prompt recurrence which necessitated excision again five 
weeks later. A pathologic diagnosis of sarcoma was made at another hospital, and 
the patient was referred to the Memorial Hospital. Examination on entry revealed a 
painless, infected, fungating tumor on the medial aspect of the left foot, anterior and 
below the ankle. There was no adenopathy. Films of the chest taken on Jan. 22, 
1936, showed no evidence of metastasis. 

Pathologic Peport. — Synovioma. 

Irradiation . — Patient has received 80,000 mg. hr. from Jan. 28, 1936, to Feb. 11, 
1936, to one portal (left ankle mesially), using the 4 gram element pack at 10 cm. 
distance. 

Course . — On April 4, 1930, inflammation had subsided and the incision had healed, 
but regression of the tumor had not been satisfactory. 

ETIOLOGY 

Of the predisposing factors, age is of negligible significance, as is 
shown by the fact that the youngest in. this gronp was an infant nine 
months old, while the oldest patient was sixty-four years of age. Race 
as a factor may be dismissed as having no further bearing on etiology. 
The sex incidence is, however, of some interest, in that 4 of the 13 cases 
reported occurred in women, whereas 9, or more than two-thirds, were 
in men. Stewart 3 mentions the possibility that inflammatory changes 
in a chronic synovitis might be held accountable for the neoplastic 
development in some of these tumors. In only one of our eases was 
there a preexisting inflammation that might be considered as a possible 
etiologie factor. One, of course, eannot say what influence trauma 
may have had toward inducing inflammatory, hyperplastic, or perhaps 
neoplastic, changes in 6 of our eases. 

SYMPTOMS AND PHYSICAL SIGNS 

In early cases pain may he the only complaint. This is described as 
being dull, aching in character, and is particularly aggravated by 
weight-bearing. One author suggests that this is evidence of invasion 
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to admission. One week before admission, a second excision was done, and a cystic, 
well-circumscribed tumor was removed. Examination revealed a healed, transverse in- 
cision across the palm, measuring about 3 by 3.5 cm. This traversed a soft, firm 
tumor mass. The fingers were semiflexed and forced extension caused severe pain. 

Pathologic Report . — An aspiration biopsy was negative. A submitted slide from 
the second operation was reviewed by Dr. Ewing and found to bo papillary endo- 
thelioma of tendon sheath or bursal origin. Grade 11 R.R. (synovioma). 

. Treatment . — Given 2,500 r. x 2 within ten days. Factors: 198 E.V. S.T.D. 
50 cm. Field: 7.S x 7.S cm. 

Course . — Tumor is now one-fifth its original size and the patient has good function 
of fingers. Chest films were negative for metastases Jan. 15, 1936. 

Case 11. — A. H., a sixteen-year-old Jewish schoolgirl, was admitted to flic Hospital 
for the Ruptured and Crippled in November, 1933, sendee of Dr. "William B. Coley. 
She complained of pain in the left knee of six months' duration. There was no as- 
sociated trauma. Examination disclosed a freely movable, firm mass, the size of a 
lima bean, on the medial aspect of the knee. 

Operation . — A local excision was done in November, 1933. In February, 1931, 
there was a recurrence. The patient was again operated upon, a wide excision of the 
tumor with excision of the patella being done. 

Pathologic Report . — Fibrosarcoma of synovial membrane (synovioma). 

Course . — In March, 1934, the patient received irradiation with the 4 gram radium 
element pack at G cm., the dosage being 22,000 mg. hr. mcsiallv, and 10,000 mg. hr. 
laterally (March 25 to 31). Allien last seen in April, 1936, she was perfectly well, 
had good function of the joint, and walked without a limp. Chest films were negative 
for metastases. 


Case 12. — M. D., a forty-five-year-old American housewife, was first seen by Dr. 
Fred O. Coe on Jan. S, 1930. One month prior to observation, she complained of a 
painful swelling over the ball of the left great toe. This was regarded as a bursitis, 
and the head of the second metatarsal was resected. Two months after operation, 
sovbrnl small nodules appeared close to the scar. The patient was given x-ray 
therapy without effect, and definite recurrence was found in August, 1932, twenty- 
one months after operation. 

Operation . — A local excision was done in March, 1933, and again in August, 1933. 
The patient was given two x-ray treatments amounting to a full erythema dose. 

Pathologic Report. — Synovioma. 

Irradiation. — In January, 1934, a small subcutaneous mass was palpable, and 
within three days 1,200 r. x 2 were given. Patient received 4,500 r. x 2 within a 
period of nine months. Factors: 220 IC.A r . Filter: 1.2 mm. Cu Field: 7.0 x 7.0 


cm. 

Course. When seen in August, 1935, she was perfectly well. Chest films were 

negative for metastases. Fairly good function of foot. 

j.. jp n fortv-fivc-year-old white Hebrew, was admitted to the Bincoln 

‘ , on Julv 3. 1935. service of Dr. S. Epstein, complaining of a tumor mass 

f° the left knee". In September, 1932, he noticed n painless lump in the region of 
tl left patella, which slowly grew to the size of a small orange. It was thought 
1110 nn( ] , vap excised as such in July, 1933. No pathologic examination 

t0 s^m-ale oTthi's specimen. In December, 1933 (five months after operation), there 

was a recurrence. 3934, an extensive excision of the tumor mass with a 

Operation.— n - . ’ JC(J pa telln was done. In May, 1933, fourteen months 

rf^tlfere was another recurrence, and the tumor mass was again exeised. 
later, t her _ " . . _ Svtl0V ; 0 rnn (Stewart). 

Pathologic ■ - . , in-jg (he patient tva* Found to have another 

Course. — AYIien last seen m Jun . u 

recurrence; amputation adused. 
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joints and, so far as we know, no case lias been reported in the literature. 
Adenopathy almost never occurs. It should he emphasized that physi- 
cal signs are of little aid in the diagnosis, which is determined defi- 
nitely on biopsy. 

TREATMENT 

The clinical course of synovioma varies with respect to the histologic 
features and to the type of treatment employed. Some show a micro- 
scopic picture that indicates a low grade of malignancy, while others, 
with much more malignant features, not only tend to recur promptly, 
but even give rise to pulmonary metastases. 

Irradiation . — While irradiation has been employed, it is generally 
accepted that these tumors are not radiosensitive. In two of Smith’s 15 
cases the cutaneous and pulmonary metastases were only temporarily 
improved. One of Wagner’s 17 cases was treated by F. C. Wood for a 
period before consent to amputation was obtained, and during this 
time the growth slowly extended into the head of the tibia. Knox 8 
reports a case having pulmonary metastases treated by irradiation 
with no improvement. Of the Memorial Hospital cases only one 
showed regression following irradiation. This was a synovioma of the 
finger that received intensive treatment. Thus far it would seem that 
for operable cases, treatment solely by irradiation is scarcely justified. 

Surgical Excision . — Owing to the fact that the true nature of the 
process is so seldom appreciated until after the sections have been 
examined, the initial operation is often undertaken lightly, and the 
excision may be inadequate. Moreover, the anatomic location of 
the tumor may make it difficult to remove as much pathologic tissue as 
desirable. Once the tumor has recurred, it is not likely to yield to 
further conservative operation, and resort to a radical procedure, such 
as amputation, is necessary. 

Preoperative irradiation followed by excision is not often attempted, 
since the diagnosis is generally arrived at only after a local removal, 
and tissue study has been done. At present, it is our opinion that any 
operable tumor, which, by its location, suggests the probability or even 
the possibility of synovioma, should have a wide excision. If histologic 
study confirms this diagnosis, then postoperative irradiation by frac- 
tional dose x-ray may be advisable. If the recurrence should follow, 
an amputation is then in order, provided the lungs are free from 
metastases. But if the diagnosis has been established, and the local 
excision is impractical or impossible, amputation seems justified. 
Where no operation is feasible, or where it is refused by the patient, 
x-ray therapy or radium pack treatment is suggested. 

Our experience with postoperative injections of Coley’s toxins for 
synovioma is insufficient to permit of an expression of opinion as to 
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of the periosteum, but it should be borne in mind that the synovial 
lining of joints is very sensitive, and -when these structures are in- 
flamed or compressed, severe pain results. 

Joint function is often surprisingly unimpaired and bone is not 
usually involved, so that radiographic examination may be entirely, 
negative. ~ Wagner , 17 however, has called attention to the fact that 
if films are made for soft tissue detail, the presence of the tumor may 
be revealed, and this was demonstrated in one of our eases. Knox 
states that in some eases joint tuberculosis may be simulated. As a 
rule, physical signs in early cases are of little aid, and the lesion is 
discovered at operation, which is usually an exploration, its true 
nature not being suspected until the pathologist examines the tissue. 



pjp — Section of synovioma showing typical Klnnillike structure (Xl* r >0). 


' Aspiration biopsy should prove of value in the diagnosis, but so far 
as we know, it has not been used in any of the cases reported. 


IHKFEKEXTIAI. DIAGNOSIS 


Diamiosis is often exceedingly difficult. Where no palpable tumor 
exists it may be impossible until operation lias disclosed the condition. 
Where a definitely palpable tumor exists, it must be differentiated 
f om other soft part- tumors, such as fibrosarcoma, myosearcoma, neuro- 
r ° • sarcoma, liposarcoma, and xanfliosarcoma of tendon sheath 
5 The tumor is usually firm, well circumscribed, homogeneous, 

origin. tendcr> am i occurs most, frequently near the knee 

l 5 ."® P mhcr io i n 't s involved are those of the fingers, ankle, and mrtn- 
‘ |0in ' We have not seen the condition in the hip. elbow, or shoulder 
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joints and, so far as we know, no case has been reported in tbe literature. 
Adenopathy almost never occurs. It should be emphasized that physi- 
cal signs are of little aid in the diagnosis, which is determined defi- 
nitely on biopsy. 

TREATMENT 

The clinical course of synovioma varies with respect to the histologic 
features and to the type of treatment employed. Some show a micro- 
scopic picture that indicates a low grade of malignancy, while others, 
with much more malignant features, not only tend to recur promptly, 
but even give rise to pulmonary metastases. 

Irradiation . — "While irradiation has been employed, it is generally 
accepted that these tumors are not radiosensitive. In two of Smith’s 15 
cases the cutaneous and pulmonary metastases were only temporarily 
improved. One of Wagner’s 17 cases was treated by F. C. Wood for a 
period before consent to amputation was obtained, and during this 
time the growth slowly extended into the head of the tibia. Knox 8 
reports a case having pulmonary metastases treated by irradiation 
with no improvement. Of the Memorial Hospital cases only one 
showed regression following irradiation. This was a synovioma of the 
finger that received intensive treatment. Thus far it would seem that 
for operable cases, treatment solely by ii’radiation is scarcely justified. 

Surgical Excision . — Owing to the fact that the true nature of the 
process is so seldom appreciated until after the sections have been 
examined, the initial operation is often undertaken lightly, and the 
excision may be inadequate. Moreover, the anatomic location of 
the tumor may make it difficult to remove as much pathologic tissue as 
desirable. Once the tumor has recurred, it is not likely to yield to 
further conservative operation, and resort to a radical procedure, such 
as amputation, is necessary. 

Preoperative irradiation followed by excision is not often attempted, 
since the diagnosis is generally arrived at only after a local removal, 
and tissue study has been done. At present, it is our opinion that any 
operable tumor, which, by its location, suggests the probability or even 
the possibility of synovioma, should have a wide excision. If histologic 
study confirms this diagnosis, then postoperative irradiation by frac- 
tional dose x-ray may be advisable. If the recurrence should follow, 
an amputation is then in order, provided the lungs are free from 
metastases. But if the diagnosis has been established, and the local 
excision is impractical or impossible, amputation seems justified. 
Where no operation is feasible, or where it is refused by the patient, 
x-ray therapy or radium pack treatment is suggested. 

Our experience with postoperative injections of Coley’s toxins for 
synovioma is insufficient to permit of an expression of opinion as to 
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their possible value as a prophylactic against recurrence or metastases. 
The similarity of the lesion to other endotheliomas would suggest that 
they be given further trial in conjunction with postoperative irradiation. 
In this connection it may he noted that one of the five-year survivals 
developed erysipelas while under treatment. 


Table 1 

Cases Surviving Five, Years of. More — Memorial Hospital Series 

NAME 

METHODS OP TREATMENT 

■ FINAL NOTE 

J. c. 

51. D. 

J.M. 

Local excision; irradiation; patient 
developed erysipelas 

Local excision; irradiation 

Local excision; irradiation 

Six-year survival; no evi- 
dence of recurrence 
Five-year survival ; no 
ovidence of recurrcnco 
Seven-year survival; died 
of pulmonary metas- 
tases 

Table II 

Collected Series From Literature 

NAME 

METHODS OF TREATMENT 

FINAL NOTE 

Marsh 

Faulkner 
Wagner, L. C. 

Knox, L. C. 
Coley, W. B. 

Local excision; amputation 

Local excision; irradiation 

Local excision; irradiation; Coley's 
toxins; amputation 

Local excision; amputation 

Local exeision (3 attempts) 

Alive 

Alive 

Dead (ten-year survival) 

Dead (six-vear survival) 
Dead (seven-year surviv- 
al) 


Table 1X1 


End-Results of Synovioma Cases — Memouiai. Hospital Series 


NO. 

NAME 

AGE 

SEX 

METHODS OF TREATMENT 

PERIOD OF 
SURVIVAL 

DEAD OR ALIVE 

i 

H. M. 

45 


Local excision; irradiation 

18 montlis 

HHHi 

2 

,T. C. 

9 mo. 


Local excision and irradia- 

5 years 

Alive 


! 


tion; patient developed 
erysipelas 




3 

V. C. 

1 24 


Local excision ami irradia- 

2.1 venrs 

Dead 




tion 


Alive (dying of 

4 

L.B. 

35 

XI 

Amputation 

4 years 



i 

1 ) 


pulmonary me- 
tastnses 


5 

XL S. 

OQ> 

F 

Local excision and nmputa-j 

13 months 

Dead 




tion 



0 

xi. r r. 

4V 

XI 

Local excision; amputation; 

5 years 

Dead 



m 

irradiation 




F. G. 

X. c. 

; 35 

8 I 

Local excision; irradiation 

IS months 

Alive 


i 12 

8 a 

Local excision; amputation; 

4 venrs j. 

Alive 



H 

irradiation 



9 j 

r. s. 

04 

§19 

Local excision; amputation; 

•t years !, 

Alive 


irradiation 

j 



xi. r. 
A. H. 


M 

Local excision: irradiation 

1 year 

Alive 

Ir, 

F 

Local excision; irradiation; 
Colev's toxins { 

3* yearn 

Alive 


XI. D. 


F 

XI 

F 

F I 

Local "exci“ion ; irradiation 

5 yrnr.4 - 

Uivn 

12 

4;> 

Local excision 1 

f; in on tli 5 lAli vo 

13 

XI. G. 

45 

( .^.al excision; irradiation j 

7 your* .Pond 

14 

15 

.T. M. 
F. K. 

•U 5 

Local excision; irradiation i 

<\ month* j.Mivf* 
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Considering the eases as a whole, we believe that in the past, the 
early treatment had been too conservative and radical surgery in- 
stituted too late in the course of the disease. If treatment were more 
radical at the outset, the results might be improved. 

PROGNOSIS 

Of the 20 case reports in our review of the literature, 18 were fol- 
lowed for periods varying from six months to ten years. Of these, 
1 survived ten years, finally dying of pulmonary metastases; 4 sur- 
vived five years, and 3 lived three years. Of the remaining eases, 4 
died in less than three years, and the other 6 still survive. Of our 
patients, only 3 are five-year survivals. 

Table IV 


End-Results of Synovioma Cases Previously Reported in Literature 


NO. 

REPORTED BY 

m 

SEX 

METHODS OF TREAT- 

PERIOD 

DEAD OR 

MENT 

OF 

ALIVE 





SURVIVAL 

i i 

Sardie and Salter 

25 

M 

Amputation 

Local excision ; ampu- 

1 year 

j Alive 

2 ' 

Lejars and R. Du- 

22 

M 

1 year 

Dead 


val 



tation 


3 i 

Marsh 

21 

M 

Local excision ; ampu- 

6 years 

Alive 





tation 


4 

Razemon and 

22 

M 

Local excision (wide) 

2 years 

Alive 


Bizard 




5 

Lockwood 

24 

F 

Resection of knee joint 


Died 






(surg. 


Faeeini 





shock) 

6 

— 

— 

Local excision; ampu- 

1 year 

Alive 





tation 


7 

Wegelin 

28 

M 

Local excision 

6 months 

Alive 

8 

Turner 

23 

M 

Local excision 

Not 

followed 


9 

10 

Chenot and Tzanck 

Smith, L, J. 

38 ! 

F 

Local excision 

i 

Not 

followed 


I 24 

M 

Local excision; irradia- 

3 years 

Dead 

i. 




tion following recur- 






renee 



11 

Smith, L. J. 

35 

M 1 

Local excision ; irradia- 

21 years 

Dead 

12 

Wagner, X.. C. 



tion; amputation 



35 

M 

Local excision; irradia- 

10 years 

Dead 

13 

1-1 

Wagner, L. C. 
Faulkner 



tions ; toxins, ampu- 
tation 



15 

49 

F 

F 

Local exeision 

Local excision; irradia- 

3 years 

6 years 

Alive 

Alive 





tion 


15 

16 

Faulkner 

Knox, L. C. 


F 

F 

Local excision. 

Local excision; ampu' 

4 months 
G years 

Alive 

Dead 


Knox, L. C. 



tation 


17 


M 

Local excision ; ampu- 

3 years 

Dead 







IS 

Knox, L. C. 

24 

M 

Local excision; ampu- 

2 I years 

Alive 

19 

Hodgson and 
Bishop 

m 

M 

tation 

Biopsy ; irradiation ; 

7 months 

Dead 




amputation; Coley’s 



20 

La Ferla and 
Domclas 

17 

j M 

toxins; local excision 
Local excision 

3 years 

Alive 
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Combining our results with those in the literature, we have 6, or 
20 per cent five-year, and 13, or 40 per cent three-year survivals. We 
know of none who has survived more than ten years, and therefore can 
only conclude that with the present mode of treatment, life expectancy 
is certainly not more than this, while in two-thirds of the patients, it is 
less than five years. 

SUMMARY 

A study of reported cases of synovioma and others observed at the 
Memorial Hospital comprises the 20 followed cases in the literature 
and 15 in our series. The lcnee is the most frequent site. No single 
etiologic factor is apparent. The diagnosis is seldom made until 
biopsy reveals it. There is a wide variation in the degree of malig- 
nancy, rapidity of dissemination, and life expectancy. 

Treatment thus far has been very disappointing. These tumors 
are radioresistant. "We do not favor preoperative irradiation. Ampu- 
tation is recommended unless wide excision is still practicable, and for 
recurrence, unless a second more radical excision seems feasible. Toxin 
injections may be tried as a prophylactic measure in addition to 
surgery and postoperative irradiation. Thus far early treatment has 
been too conservative, rendering later radical measures ineffectual. 
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Editorials 


Carcinoma of the Lung' 


'T'HE introduction and employment of a new technic or of some new 
method in the treatment of any given disease never fail to create 
a renewed interest in that syndrome, although for many years its 
pathologic basis may have been recognized. In this Avay any new 
diagnostic or therapeutic measure is, as a rule, responsible for what 
might be termed “a wave of increase” in our comprehension of many 
disease syndromes. It is so often true that our knowledge of some 
well-known elinieopathologie entity remains stationary until some 
new diagnostic or therapeutic measure is invoked which renders pos- 
sible the successful treatment of previously unsatisfactory cases. 
Thus, it may be said that medical history is at. the present time repeat- 
ing itself in regard to the diagnosis and treatment of carcinoma of 
the lung, and it is of interest to note that in the last three years a 
renewed enthusiasm in dealing with this condition has been awak- 
ened. One need only refer to the earlier textbooks on medicine and, 
although to a much less extent, on surgery, to realize that formerly 
the diagnosis of carcinoma of the lung was practically never made 
until extrapulmonary extension of metastases was clinically recog- 
nized and the morbid process was too far advanced to contemplate or 
justify anything more than simple palliative treatment. 

As a matter of fact, most of the symptoms and signs which have 
been attributed to carcinoma of the lung in reality have been due to 
carcinoma of the structures involved by regional and remote exten- 
sions of the growth from the site of its primary origin. In other 
words, the clinical syndrome described by earlier writers has con- 
sisted of signs and symptoms referable not only to involvement of the 
lung itself but also to lesions in the surrounding structures and or- 
gans. Naturally, then, the correct diagnosis was never or hardly ever 
made until the disease was obviously incurable by any means or meth- 
ods known in former times. 


In the last few years, however, improvement in our diagnostic 
methods as well as m our operative technic now renders it possible 
not only to make an early diagnosis of malignant pulmonary tumors 
hut also to remove a portion or the whole of the lung from a patient 
in whom such an early diagnosis of malignant tumor has been made 
and as a result the clinician can find at the present time more than 
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mere academic interest in making 1 an early diagnosis of malignant 
tumors of the lung or other neighboring structures. The increasing 
number of successful operations performed and reported in the surgi- 
cal and medical literature for the removal of the lung for carcinoma 
bears witness to the prompt and enthusiastic response on the part of 
the clinician to this therapeutic advance. Medicinal and radiation 
therapy had provided measures of relief, but for many cases these 
were only temporary and in some of no value at all. 

In the past, the occurrence of hemoptysis was considered, in the 
great majority of cases, to be due to pulmonary tuberculosis until 
proved to be otherwise, whereas at the present time the presence of 
blood in the sputums calls for an immediate and careful examination by 
various modern methods. In other words, at the present time the 
burden of proof is now on the man who says that this blood spitting 
is due to tuberculosis and is not a manifestation of growth in the lung. 
Our clinical pace must be quickened, for until recently the great ma- 
jority of recognized affections of the respiratory tract have been those 
in which Time was felt to be the Great Healer, but with the develop- 
ment of methods by which patients cannot only be relieved but cured 
of malignant neoplasms of the lung it may be said that Time now 
takes on the role of executioner. Successful surgical treatment of 
carcinoma of the lung depends on an early diagnosis, for malignant 
tumors in this region masquerade very often as inflammatory affec- 
tions, specific or nonspecific, and are often hidden under the guise of 
less serious conditions. 


It should also be noted that due to the movement of the entire organ 
throughout the respiratory cycle, neoplasms arising in the smaller 
bronchioles or the parenchyma of the lung itself are likely to be dis- 
seminated throughout the body at a rather early stage because of the 
constant, motion or milking action or respiratory massage of the 
growth. While it. is true that growths of the primary bronchi in 
which there is little if any motion are rather slow growing and per- 
haps late in metastasizing, quite the opposite condition prevails in 
the tumors arising in the periphery of the lung. 


The successful treatment of carcinoma of the lung does not differ 
in anv way from the successful treatment of carcinoma elsewhere in 
the h'odv. The sine qua non of the proper treatment of malignancy 
consists* in total removal of the organ involved with its attendant 
Ivmphatie glands. The lung, like the breast, is an organ which can 
lie removed'' in its entirety without incapacitating the individual upon 
rhom the operation has been performed. The absence of one lung is 
not incompatible with a vigorous and active life for there occurs a 
compensatory dilatation of- the rema.mng Inng winch restores the pa- 
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tient’s cardiorespiratory 1)3181106 almost to its preoperative state. 
Partial pneumonectomy or lobectomy for carcinoma of the lung lias 
been advocated by some, and unquestionably lobectomy must be taken 
into consideration when the condition or age of the patient may dis- 
courage the idea of a total pneumonectomy, or in case it is thought 
advisable to perforin the total pneumonectomy in two stages. In this 
manner it may be possible and advisable to remove the affected lobe 
in the first stage through one incision or approach, and later through 
an entirely different incision remove the remaining lobe or lobes and 
the mediastinal lymphatic glands, the condition of the patient being 
“built up," as it were, between stages. 

The removal of one lobe at a time presupposes, of course, that the 
location of the new growth is in a position far enough removed from 
the hilus of the lung to permit such an operative procedure. If, on the 
contrary, the tumor is situated well up in the primary bronchus 
toward the bifurcation of the trachea this type of a two-stage opera- 
tion cannot be performed. At the present time in practically all 
patients over forty-five years of age, a more ideal type of multiple 
stage total pneumonectomy is employed. This procedure consists, in 
the first stage, of the ligation of the main branch of the pulmonary 
artery, either the right or the left, depending on which lung is to be 
operated upon, before it enters the hilus. Following this any ad- 
hesions present are divided as well as the pulmonary ligament up to 
the level of the inferior pulmonary vein. The chest is then closed 
with the entrapped air. After one to three weeks, or as soon as the 
patient’s pulse, respirations and temperature have returned to nor- 
mal, the thorax is reopened through the same incision and the lung is 
removed. In this manner time is provided for the patient to become 
adjusted to postoperative changes in the circulatory as well as the 
respiratory mechanisms. The circulation through the bronchial artery 
and pulmonary veins prevents the occurrence of gangrene of the 
lung. There is thus brought about a marked shrinkage in volume of 
the lung which becomes nonair-eontaining and relatively avascular. 
The secondary amputation of the entire organ is thus facilitated for 
the operator and is much less of a shock for the patient. This method 
of a multiple stage total pneumonectomy permits the gradual read- 
justment of the patient as a whole to the changed intrathoracic con- 
ditions brought about by throwing one entire lung out of function. 
This adjustment of the patient as a whole includes many imponder- 
ables involving the cardiorespiratory mechanism which are unknown 
at the present time, but also includes some obvious mechanical altera- 
tions which can be observed; i.e., the elevation of the diaphragm on 
the operated side; the gradual and slight shifting of the mediastinum 
toward the operated side-, the approximation of the ribs with the re- 
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sultant diminution of the thoracic cage ; and Snail}' the decrease in 
the diameter of the primary bronchus to the operated side as a result 
of disuse atrophy. All of these factors tend to minimize the danger 
of the final amputation of the lung and at the same time expedite 
the obliteration of the remaining thoracic dead space and the healing 
of the primary bronchus. On account of the greater embai’rassment 
resulting from sudden rotation and displacement of the heart to the 
right than to the left side of the chest, this type of multiple staged 
procedure is particularly well adapted to total right pneumonectomy. 
The method is a safe procedure for older individuals and may in the 
end prove so for all ages. The first-stage ligation, and pneumolysis if 
necessary, does not in any way, as in so many instances in surgical 
two-stage operations, complicate the second stage. On the contrary 
the latter is made far more simple. 

The manj' ways by which a malignant tumor of the lung may ex- 
tend is well known. The incompleteness of the fissures between the 
lobes of the lung renders it highly improbable that a malignant tumor 
large enough to be detected by an x-ray shadow out in the periphery 
of one lobe of the lung would be confined solely to that lobe. There- 
fore lobectomj' in such a case would be harmful rather than bene- 
ficial to the patient, whereas in this type a total pneumonectomy 
might readily afford a complete cure. If, on the other hand, the tumor 
is located in the primary bronchus or close to this region, it will more 
than likely be anatomically impossible to remove it unless a total 
pneumonectomy is performed. The lymphatic glands cannot be prop- 
erly dissected out from the primary bronchi or mediastinum unless a 
total pneumonectomy is done. The lobes of the human lung arc not 
completely separated and therefore when it be said that a so-called 
“lobectomy’' has been performed, what is meant is that a partial 
lobectomy or, better still, a partial pneumonectomy was done. This, 
of course, is not by any means the ideal type of operation for the cure 
of a malignant tumor of the lung, because the part of the affected 
lobe left behind is that portion toward which the lymphatic vessels 


drain. The parenchyma of the affected lobe remaining may also be 
invaded, although this cannot be determined in the gross by palpation. 
The same may .also be applied to total pneumonectomy. Total removal 
of the lung means that the entire organ has been removed; i.e., that 
the primarv bronchus has been divided before entering the hilus of 
the hum and that the pulmonary artery and veins are Jibe vise ligated 
individually before entering and after departing from the pulmonary 
mrenchvma. When a tourniquet or temporary ligature has been a p- 
lied orosslv to the entire pedicle, and the lung allowed to slough off, 
o when the operator has cut through lung tissue distal to the tonrni- 
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quet thus leaving behind a stump of lung, the extent of which varies 
or is unknown, such eases should not and will not he classified in the 
final adjudication as instances of total pneumonectomy. Such a pro- 
cedure is not only .unsurgieal from a technical standpoint, but is 
almost certain to be attended by a prompt recurrence of the dis- 
ease process. The patient is thus not only subjected to an unneces- 
sary operation without hope of cure but also loses the one chance for 
relief which a careful dissection of the mediastinal glands together 
with the removal of the entire diseased organ may afford. It may 
therefore be stated with confidence (a) that total pneumonectomy is 
certainly the operation of choice for the cure of the patient with pri- 
mary carcinoma of the lung; (b) that if a multiple-staged operation 
seems advisable the more desirable procedure would apparently con- 
sist as a first stage ; the preliminary ligation of the pulmonary artery 
to the affected side, together with the freeing of the lung from any 
existing adhesions, as well as division of the pulmonary ligament; 
reserving amputation of the primary bronchus and division of the 
pulmonary veins for the second stage. 

— William F. Bienhoff, Jr. 

Johns Hopkins University, Baltimore, jMd. 


The Improper Use of the Word “Drain” 

r I ’HE word “drain” has been variously defined as “a tube used to 
*■ promote the escape of fluids from an abscess or wound,” to that of 
“a tube providing a channel for the escape of fluid from a viseus such 
as the urinary and gallbladder or from the thoracic cavity.” A tube 
inserted into the stomach or jejunum for feeding purposes might also 
be included as well as an enterostomy or colostomy tube for the re- 
moval of fecal material proximal to an obstruction of the bowel. The 
term “drain” becomes even more confusing when applied to the various 
tissues and combinations of gauze with rubber or gutta-percha con- 
tainers that are used in the abdominal cavity to localize or cause to be 
isolated a certain area of infection, inflammation, or postoperative re- 
gion that, it is felt desirable to have “walled off” from the remainder 
of the abdominal cavity. From the construction of these various 
setons or wicks alone, the inappropriateness of the term “drain” is 
obvious. The only fluid that can escape through them will be a small 
amount by capillary attraction, “blotted up,” so to speak, by the gauze 
for the first few minutes or hours following their employment. After 
tins short period they beeome perfectly inert foreign bodies which 
by their shape and size, result in the formation of a sinus tract by 
preventing tissue from interceding between the area to be isolated 
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and tlie exterior of tlie abdominal cavity. These structures do not 
permit fluid to escape through them as a true drain should. It is felt, 
therefore, that these wicks should he referred to as “ isolators ” or 
“ localizers ” to be distinguished from a true drain. This point is made 
not only for the sake of academic or scientific accuracy hut also because 
it implies at once the fundamental reasons behind the different uses of 
the isolater and the drain which not only may aid in tire more proper 
teaching of future surgeons but also may improve the selection of 
various materials at present used for the accomplishment of isolation 
in the abdomen. 


— William F. Bienhoff, Jr. 
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1880 ’s, and labor definitely set in with the early operations of Godlee 
and Horsley and Keen (while anxious accoucheurs like Bennett, and 
Gowers directed the labor!), but with the later days of Victor Horsley 
in England and the early days of Harvey Cushing in America, neuro- 
surgery may truly be said to have been bom.* A few others soon 
joined in contributing to its development, and gradually its growth 
became more rapid, its field of interest wider, its adherents more 
numerous. Most of these early neurosurgeons have continued to make 
valuable contributions to the subject, and many of these will presently 
be mentioned. 

To include in this brief article all of the valuable and important 
papers even of the last few years is manifestly impossible. The mate- 
rial included has been selected with the purpose of giving the non-neu- 
rosurgical reader a broad view of modern clinical neurosurgery by 
pointing out the established improvements it has made in recent jrnars. 
It is obviously true that many" interesting cases have been reported, 
much valuable experimental work done, and numerous operative pro- 
cedures, whose worth will be proved in the future, have been proposed. 
Many such important papers have of necessity" been omitted. 


I. NEUROPirYSIOLOGY AND NEUROLOGIC DIAGNOSIS 


In the vast literature on recent neurophysiologic research, investi- 
gations in several laboratories and clinics on two subjects bear par- 
ticularly great clinical diagnostic importance. One group of studies 
is concerned with the broad significance of, and the localization of 
function in, the autonomic nervous system, the other with the functions 
of the cerebral cortex, and particularly of the frontal lobes. 

As the culmination of a brilliant series of investigations, Cannon 0, 7 
revived Claude Bernard's 8 long-overlooked concept of the milieu 
interieur, the “internal environment" of the body. Cannon showed 
that this complex internal mechanism is primarily under the direction 
of the autonomic nervous system t and, secondarily, of the endocrine 


"lands, He proved that the automatic protective phenomena asso- 
ciated with emotional disturbances (such as the pilomotor stimulation 
of ra"e or fear) are directly dependent on the autonomic system, and 
he called the harmony antonomieally maintained in this automatic in- 


ternal mechanism, “homeostasis.” 

Meantime, Cushing, long interested in the hypophysis, began to as- 
semble evidence, clinical and experimental, pointing to the existence 
of a snprahvpophyseal (hypothalamic) parasympathetic center, or 
centers apparently directly under the influence of posterior hypo- 
physcal secretion. Conversely, this hypothalamic area appeared to 
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tions (such as vasomotor eonti'ol 40 and intestinal movements 41, 4S ). Its 
destruetioii produces spasticity, loss of complex movements, tempo- 
rary “forced grasping', ’ M0 and vasomotor disturbances. 38 The frontal 
association area is concerned with intellectual function. It is of great 
interest that the impairment of this function (especially loss of recent 
memory and inability to learn) is dependent upon destruction of the 
prefrontal area on both sides. 39 

This localization of function has been opposed by Wnlshe, 30, 1,1 but 
has gained clinical support from Spurting,"’ 2 Penfield and Evans;’ 3 
Kenuard, Viets, and Pulton, 34 German and Pox,'"" Brickneiy' 0 and 
Buey. 87 

Space permits only brief mention of the valuable studies on the 
visual mechanism by Poljak, r,s * GO Spence and Pulton, 01 Penfield, Evans 
and McMillan, 62 Bauson, Magoun and their coworkers, 03 ' 07 and Merritt 
and Moore. 68 The interesting observations on the electric potential 
discharge from the cerebral cortex by Berger, 09 Adrian and Mat- 
thews, 70 ' 72 Cazzamalli, 73 Gibbs. Davis and Lennox, 74 Foerster and Alt- 
enburger 73 and the studies of Elsberg and his associates 70, 77 on the 
sense of smell give promise of valuable clinical usage. 

The description of the syndrome of pituitary basophilism by Cush- 
ing 17 ’ 78 has opened a new and still controversial problem in the field 
of endocrinology. 

Other diagnostic studies will he discussed in the following sections. 


II. ItOKNTOEXOGRAPIIY 


Roentgenography has long been an essential adjunct to neurosurgi- 
cal diagnosis. Plain stereoscopic views of skull and spine show evi- 
dences of increased intracranial pressure, of local changes in the 
skull and spine, and of intracranial calcification (cl*. Davis 79 and Sos- 
man so ). The “pineal shift” (XalVziger 81 ) serves to latcralizc ninny 
expanding lesions, and Camp, Adson and Slmgruo 82 have demon- 
strated important roentgenogrnpliic changes in the spine which arc 
associated with spinal tumors. 

The introduction of ventriculography and encephalography by 
Daiulv 83 ' 80 in 1318 further enhanced the value of roentgenography 
to the neurosurgeon. Ventriculography was almost universally 
adopted at once, ami many papers concerning it have been publish cd 
fe .r Grant, 1 * 7 Pilcher and Wilson. 88 Davis, 79 Adson, 89 Fincher,” 0 
Klshcrg and Silhert.” 1 - ” 2 fn 1333. Jesseii,” 3 and S’choenfeld and Free- 
J ,’ 9 , independently reported the use of an opaque medium (thorium 
‘ ^ for ventriculography, and the latter authors suhseqnenily 
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IV. NEUROPATHOLOGY 

During the past ten years, enormous strides have been made in the 
field of neuropathology, based largely upon the brilliant development 
of metallic staining methods by Ramon y Cajal and his pupils. 137 In 
1926, appeared the now classical monograph bj r Bailey and Cushing, 138 * 
in which the gliomas were classified on a histogenetic basis. It was 
shown that the different types of glioma varied greatly in their most 
frequent sites of origin, their rapidity of growth, their amenability to 
surgical removal and in the survival periods of their victims. Thus, it 
became possible in many cases to make presumptive preoperative and 
accurate operative histologic diagnoses, to vary the operative pro- 
cedure with the type of lesion encountered, saving many patients from 
useless, mutilating operations, and to predict the likelihood and prob- 
able time of postoperative recurrence and the susceptibility of the 
tumor to roentgen therapy (cf. Section YII). 

Numerous studies of the various glioma types have further simpli- 
fied and clarified the classification. Among these may be mentioned 
the papers of Globus and Strauss 111 on spongioblastoma multiforme 
(now called glioblastoma ),t of Bailey and Cushing 1 ' 12 ' 113 on the medul- 
loblastomas, of Cushing 141 on the cerebellar astrocytomas, of Bailey and 
Eisenhardt, 145 and of Pilcher 1411 on the spongioblastomas, of Bailey 
and Bucy 147 on the oligodendrogliomas, of Bailey, 148 ’ 149 and Fincher 
and Coon 17 ’ 0 on the ependymomas, and of Horrax and Bailey 17 ’ 1 ’ 17,2 on 
the pinealomas. Beautiful illustrations of the gliomas have been pub- 
lished by Bailey, ir ’ 3 ’ and Roussv and Oberling. 155 Xernohan 150, 17,7 
has made important contributions to our knowledge of spinal cord 
gliomas. 

In a similar manner, the pathologic nature of the fibroblastic tumors 
ai-ising from the leptomeninx and the cranial nerve sheaths has been 
carefully studied by Penfield, 158 ' 189 Cushing, 100 Phcmister, 101 Roussv 
and Cornil. i0S lUionds and van Wagenen, 103 Craig, 1 ® 1 Kolodny, 11 "' and 
Bailey and his associates. 100 ' 109 The pathology of the tumors of the 
blood vessels of the brain has been fully discussed by Cushing and 
Bailey, 170 and by Dandy. 171, 172 Space does not permit mention of'the 
inanv papers dealing with less common tumors. They are discussed 
in detail in Penfield ’s monumental “Cytology and Cellular Pathology 
of the Central Nervous .System,” 173 which was published in 1932 and 
contains contributions by internationally recognized authorities on the 
various subjects. An excellent monograph on neuropathology bas also 
been published by Freeman. 17 ' 

In addition to the rapidly advancing knowledge of the pathology of 
tumors, equally important contributions have hern, made regarding 
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the reaction of the brain to inflammation and injury by Penfield and 
Ms associates . 159, 175 ' 178 Tbe peculiar pathology of subdural hematoma 
has been greatly clarified by the studies of Putnam , 1 ' 9 and Munro and 
Merritt . 180 (Also cf. Sections VI, VII and IS.) 

Two new methods of pathologic examination have been introduced 
into the study of intracranial tumors; namely, tissue culture by 
Kredel , 181 * 1S2 Buckley , 183 and Russell and Bland , 181 and the supravital 
preparation by Eisenliardt and Cushing. 185, 186 The latter is a valu- 
able supplement to the previously employed frozen section method of 
immediate histologic diagnosis at operation. 

(Part II will appear in the next issue of Surgery.) 
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REVIEW OP THE SIXTH CONGRESS OP THE 
INTERNATIONAL SOCIETY OP UROLOGISTS 

Frank Hinman, M.D., San Francisco, Calif. 

(From the Division of Urology, University of California Medical School) 

' | ‘HE Sixth Congress of the International Society of Urologists was hold in Vienna 
on September S to 12, 193G, with a fair representation of members from 33 dif- 
ferent nations, despite the unsettled condition of the world. There were present no 
Spaniards or Russians, and only 14 of the total American membership of 50. How- 
ever, the international committee has increased the number of representatives for 
the United States to 75 (probably because of the prompt payment of dues in the past, 
the surety of which, together with that of Great Britain’s members, has been ac- 
credited with keeping the international society alive). Membership in the American 
Association of Genito-Urinary Surgeons has been hold by the national committee 
as a requisite to admission to the international society and with the extension of 
this privilege to the association’s entire membership, a larger representation at the 
international meetings will undoubtedly result. Pew Americans and Britishers, how- 
ever, are linguists, while other nationalists, as a rule, know one language or more be- 
sides their own. The official languages nre English, Prcneh, German, Italian, and 
Spanish. The English-speaking factions, thus handicapped, have been unable to 
exert the influence in the management of the international society to which they are 
entitled by reason of the proportion of members who attend, pay dues, and have 
scientific attainments. The disaffection occasioned by this stale of affairs has even 
led to the agitation for the formation of an international society of English-speaking 
urologists. This somewhat ridiculous outcome was forestalled by the advent i" 
London of the Clinical Society of Urologists, organized similarly to the American 
society of that name, the two proposing to hold a joint session just before or after 
the international meeting. (The first joint session was held in London on Sep- 
tember 3 and 4, 193(5.) Furthermore, the English language has not fared too badly 
latelv since London had the Congress in 1933 and New York will have it in 1939. 

On the last day of the Congress, members select, by majority vote, the three main 
subjects for discussion at the next Congress nnd the nation in which the Congress i« 
to be held. Each subject is presented by three essayists so that each Congress has 
nine chief essayists. The country holding the Congress is permitted one essayist, for 
each subject nnd the remaining six arc selected by nation, the membership of uhieh 
then chooses its representative; no nation, with the exception of the one acting tt« 
host is permitted more than orte e.-mvi-t. Every member of the society, however, 
inar discuss one. two, or nil three subject- after their presentation by the three c* 
s Vists Sir.ee meetings are held every third year, this arrangement gives ample 
time fir preparation (the rub- of 3; 3 snbje.-ts. 3 e-ayi-ts, 3 years) and l-fore the 
meet in" the nine chief l-A-rs are printed, in the language of delivery, with sum- 
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since these discussions do not appear in the published transactions. The free use 
of lantern slides would help, as many who miss the spoken word could understand 
the written captions. Such a plan is feasible because these discussions usually are 
prepared in advance of the meeting and are rarely extemporaneous. As matters 
stand now, it would seem that the member who reads the transactions at home gets 
as much scientifically as the one who travels long distances to attend. This is true, 
except for the value of meeting contemporaries whose scientific publications have 
been read and whose views and conclusions therein presented have been pondered. 
First-hand acquaintanceship gives the stamp of authority to an impression gained 
by reading, and the honesty and sincerity — or the superficiality— of the author is 
established. For his own education, every member should attend at least one meeting, 
and subsequent attendance may be guided by social rather than scientific benefits, 
unless he is urged on by actual participation in the program. That it works this 
way is proved by the fact that four members from the United States who journeyed 
to London expressly for the clinical meetings there preferred returning home or 
sight-seeing to going to Vienna. Nevertheless, the scientific value of the International 
Congress is very great and all meetings since 1919 have been well attended and 
successful. 

The three subjects presented at Vienna were : X, Die Bebandlung des Prostatacar- 
cinoms (The Management of Carcinoma of the Prostate) ; II, Eiterungen des 
Nieienparenchyms (Suppuration of the Eenal Parenchyma) ; and III, Physiologie 
und Pathologie der Nierenexkretion (Physiology and Pathology of Eenal Secre- 
tion) . 

I. Carcinoma of the prostate occurs much more frequently than shown by earlier 
statistics. The incidence has long been placed as 20 per cent of all cases of pros- 
tatism. It is probably more than 30 per cent. This apparent rise is caused not by a 
true increase, but by the more frequent recognition of cancer. This is particularly 
true of lesions unsuspected on rectal palpation, the tissues of which show cancer 
on examination after transurethral resection for supposedly benign median bars and 
hyperplasias or after surgical enucleation (perineally or suprapubieally). Cancer has 
long been known to occur in two forms: either as a primary condition of the true 
glands of the prostate, or as a malignant degeneration of the periurethral glands 
after they have undergone hyperplastic changes. The first form has long been 
thought to arise mostly in the posterior lobe and gives the sensation of stony hard- 
ness on rectal palpation. The second form usually gives no clinical evidence of its 
presence, the obstructive symptoms being referred, rightly as a rule, to mixed and 
nonmalignant fibromyoglandular changes. The incidence of the two forms and their 
pathogenesis have not been well understood. 

Hryntschak (Vienna, Eeporter for Austria), in collaboration with Bauer, made a 
careful histologic study of the material removed at 310 prostatectomies for hyper- 
plasia. In 108 of these specimens the tissues were found to be normal but there 
were areas of regeneration and inflammation in 13, areas of regeneration alone in 
34, and areas of atypical regeneration in 67 which took on the appearance of pre- 
cancerous changes in 20 and true cancer in 24. In the 100 of these 310 specimens 
which were accompanied with complete clinical notes (personal cases), cancer was 
found histologically in 12, though it had been suspected clinically in. only 4. In 7 
others, of the 100 specimens (personal), definite preeancerous changes were present. 
Of the 210 specimens of hyperplasia from outside sources, 12 showed cancer and 13 
preeancerous lesious. Foci of tubular regeneration, which presumably follow an injury 
citlier traumatic or inflammatory, were frequently seen in hyperplasia. IVlien tubules 
had evidently undergone several regenerative changes, by reason of repeated or con- 
tinual irritation, these changes had become irregular and atypical so that the authors 
believe that they saw (demonstrated by photomicrographs) the pathogenesis of cancer 
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in prostatic hyperplasia. This is identical, they believe, with that of cancer in the 
true glands of the prostate (such as the nonhvperplastic posterior lobe) and in no 
case was it. an extension of this latter info the hyperplasia. The progressive changes 
are: inflammation — regeneration (which becomes irregular and atypical on too fre- 
quent repetition and then potentially malignant) — preenuecr — cancer. This theory, 
they believe, explains the peculiar varieties of prostatic cancer (adenomatous, medul- 
lary, scirrhous, and squamous cell), the. development of cancer many years after 
prostatectomy and the occurrence of cancer more than twice as frequently in the true 
prostatic glands as in the hyperplastic portions of the periurethral glands. It es- 
tablishes the idea, however, that cancer can occur in any portion. 

Hitch (London, Reporter for England) discussed “the conservative treatment of 
carcinoma of the prostate” under three headings: Irradiation Therapy, Surgery, 
and Surgery Combined With Irradiation Therapy. He regards radium implantation 
as superior to x-ray therapy, the late results of which are disappointing and which 
may even cause rapid dissemination of the growth. Ho applied radium in Inrge doses, 
14 mg. to the rectal surfaces, 50 mg, to the vesical surfaces, and 5 mg. to the urethral 
surfaces and in the few patients thus treated obtained a cure in 28 per cent. Supra- 
pubic drainage, transplantation of f lie ureters and transurethral resection, he listed 
as conservative methods of surgical treatment. Curative surgery by radical pros- 
tatectomy was admitted to be the ideal but is rarely applicable. He transplanted 
ureters into the rectum for palliation in two patients and prefers this method to 
drainage by cystotomy. Ho concluded that “in the future clectroresection followed 
by some form of radiotherapy will be the method of choice.” 

Oreja’s (San Sebastian, Reporter for Spain, paper read by title) printed 
discussion is mostly statistical, from the literature, reiterating the well-known fact 
that cure depends on early recognition and radical removal, and the perineal route 
is the method preferred by the majority. *’ Cancer of the prostate is so insidious and 
slow-growing that statistics from different sources on the relative merits of methods 
of treatment are not really comparable. Patients have been known to live for 
twelve or more years after a definite diagnosis of cancer, with no treatment what- 
soever. Reports of throe-, four-, and five-year cures by radium, x-ray therapy and 
surgerv consequently arc compared with difficulty. 

II. Illy 6s (Budapest, Reporter for Hungary; analyzed and discussed J ,242 eases 
of suppurations of the kidney, 1.07b of which came to operation. He classified his 
patients into three groups: 

J. Those with suppurative nephritis (4li eases were discussed ). 

If. Those with suppurative pyelonephritis f t 55 cases were discussed). 

Ilf. Those with pyonephrosis and renal atrophy (71.'! eases were discussed). 


Two hundred and seven cases I 14 operated did of pyelitis of pregnancy were listed 
and discussed separately 

In the 41 patients who had unilateral miliary abscesses of tin. kidney, infection 
of the Wood stream arose in the tonsils in 1.1. from pelvic infections following nlmr 
. J furuncles in S. from nn ab-cess following a gunshot wound in one, 

following pneumonia in one, from appendicitis m o, and following an al.-ccs. of the 
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nosis in these cases because of tlie greater ease of pyelovenous and pyelo-interstitial 
backflow, producing septicemia. One of these patients died on the eighth day. In 
one case the carbuncle was opened and drained. There was a long convalescence 
with final healing. Nephrectomy was performed for the other three patients and all 
recovered. 

In the group of patients with suppurative pyelonephritis (494), the infection was 
ascending in nature following urinary obstruction, of which hypertrophy of the pros- 
tate, tumors of the bladder, severe chronic forms of cystitis, and strictures of the 
urethra were the commonest causes. Suppurative pyelonephritis, however, occasionally 
followed simple catheterization of the ureter or. pyelography. In the great ma- 
jority of instances the organism was the colon bacillus. In a number of cases, 
unilateral suppurative pyelonephritis followed an obstructing stone in the ureter 
and in many cases followed renal stone, calculous pyelonephritis being included. 
Four hundred thirty-four of these patients were operated on. Sixty had bilateral in- 
volvement and were not operated upon. In 317 of those on whom surgery was per- 
formed, the suppuration was secondary to lithiasis either of the kidney or ureter, 
an incidence of 17 per cent in the personal eases (total 1,47S renal and ureteral 
stones). .There were 175 nephrectomies for renal calculus and 28 cases of decapsula- 
tion after removal of the stone in the meter. In the remaining 114 cases following 
obstructions in the lower tract, decapsulation was performed 4G times. In 117 
patients, the cause of the pyelonephritis was unknown and in this group nephrectomy 
was performed in 92 and decapsulation in 25. Of the total patients with suppurative 
pyelonephritis, 10 died, giving a mortality of 4.3 per cent. 

The third group comprised 713 eases of pyonephrosis, 590 of which came to opera- 
tion; 181 patients were operated upon for primary pyonephrosis; for 174 of these, 
one-stage nephrectomy was done and, for 7, two-stage nephrectomy — that is, ne- 
phrotomy followed by nephrectomy. Ten per cent of the patients operated upon 
died. Among the 391 patients with secondary pyonephrosis (in 258 instances, sec- 
ondary to calculus) there was an operative mortality of 8 per cent. 

Four cases of atrophic pyelonephritis (pyelonepliritischen Schrumpfniere) were 
mentioned, but the reviewer did not distinguish between atrophic pyelonephritis and 
fatty degeneration. One patient had renal atrophy with stone, another atrophy of 
an infected hydronephrosis, in another the condition followed infarction, and the 
fourth, a man sixty-three years old who had had his prostate removed six months 
previously, had a true atrophic pyelonephritis secondary to ascending infection. 

Cabot (Rochester, Minnesota, Reporter for the United States) discussed in detail 
the first group cited in Ulyes ’ classification, a group characterized by tile infecting 
organism’s being carried to the kidney in the blood stream from peripheral infections, 
particularly boils, carbuncles and septic wounds of the skin and acute infections of 
the upper respiratory tract. In a careful study of 4ti patients with acute inflam- 
matory processes nbout the mouth, throat, and ear, 32 showed organisms in the 
urinary smear, and 18 in culture, whereas, in a group of 10 apparently normal 
persons used ns controls, the studies were negative throughout. The organism was a 
staphylococcus in most cases; as a rule, this can be recovered in the urine during 
the acute stage but may be absent later. The diagnostic importance of the limita- 


tion of movement of the diaphragm on the affected side and of the normal move- 
ments of the kidney, us demonstrated by fltioroscope or pyelography, was emphasized. 
Diminished visualization of the infected kidney in the excretory urogram has been 
noted. Four grades of this particular type of infection of the kidney by way of the 
blood stream may he distinguished clinically: (1) the fulminating group, relatively 
uncommon, which presents chiefly the complete overwhelming of the patient with a 
lesion apparently abdominal: pain, fever, rapid pulse, nausea, and abdominal dis- 
tention are present. (2) The group of acute eases in which there are high fever, 
marked leucocytosis, and pain referred definitely to the region of the kidney with 
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local tenderness in the region of tho kidney. The third, or subacute group, differs 
from the second only in the degree of the severity of symptoms and signs. In both 
of these groups a search of the urine for cocci in the earlv stages is usually success- 
ful. A fourth clinical group is composed of borderlino cases in which the clinical 
picture is ill deiined. Pathologically these clinical groups include the diffuse sup- 
purative nephritides, the kidney with multiple cortical abscesses, the renal carbuncles, 
and perirenal abscesses. As indications for operation are given: 

1. The fulminating type of infection. 

2. The widespread infection of the kidney in which the patient seems unable to 
control the disease, as shown by the development of anemia and failing general con- 
dition. 

3. Massive abscess of the kidney as shown by the pyelogram. 

■i. Porinephritic abscess. 


Necker (Vienna, Reporter for Austria) recognized primary and secondary sup- 
purations of the renal parenchyma without reference to the probable route of in- 
vasion. The primary suppurations are rarely diffuse but more often sharply cir- 
cumscribed lesions of the cortex usually caused by staphylococci and only rarely by 
streptococci. Necker questioned the occurrence of primary suppurations in the cortex 
caused by Bacillus coli. Coccal lesions starting in the peripheral zones extend to 
form the clinical groups recognized as the rare diffuse cortical suppurations, the 
circumscribed miliary abscesses, tlio boilliko carbuncles, the largo intrarennl abscesses 
and the so-called xantholipomatous staphylomycoses. Secondary renal suppuration 
of the parenchyma usually arises from an infection with Bacillus coli. The pro- 
gressive changes arc often influenced in this group by dynamic factors of which 
pyclorenal backflow is one of the most important. The reviewer believes it is not 
possible at present to give a true clinical classification of the various types of cortical 
suppuration except possibly of the carbuncle. 


IIT. Two of the reporters on the main subject, the physiology and pathology of 
renal excretion, confined their discussion mainly to hydromechanics. Pisani (Milan, 
Reporter for Italy) distinguished between the secreting and excreting functions of 
the kidney, the latter being mainly the transportation of the urine, after it has boon 
formed, to the outside; it was this function of renal excretion which he discussed. 
He distinguished between excretory disturbances of motility, particularly with ref- 
erence to peristalsis, disturbances of tone, and mixed disturbances in which alteration 
of both these dynamic: factors plays n part. Those various disturbances may la- 
transitory or permanent and may arise from congenital malformations, from ob- 
structive causes, whether congenital or acquired, from muscular or nerve lesions or 
•inv condition which disturbs the patency of the ureteral orifices. Dilatation of the 


e.wretorv ducts represents the static element only mid is often truly compensatory 
(hypotonic). Hypotonic-hyperkinetic dilatation may give good evacuation whereas 
hypotonic and nonkinctic dilatation means a permanent change with hx-s of function. 

Buhritius (Vienna, Reporter ia collaboration with Fuchs for Hungary) discu-scd 
excretion according to the laws of hydromechanics, emphasizing in particular the 
rtance of renbsurpt ion in relation to obstructions and the factor of minute 
• s ia the farnirr- of minor calyces n* balancing the amount of secretion with (la- 
mount of exrretk'U. The amount formed in excess 1,y the parenchyma of the kidney 
" n b- readilv taker, bc.'-k into tic* circulation by thi- pyclau-rcai-. back-flow, 

' Snapper (Amsterdam, Reporter for Holland) gave a ma-f-rly summary of the 
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monium in the kidney. Of interest is the final paragraph of his summary: “Urine 
is a supersaturated solution of many substances. 'Different substances, practically 
insoluble, are present in solution in the urine in large quantities. This problem is of 
great importance in the prevention of stone formation. The hydrotropic action of 
different organic constituents of the urine is discussed. Urea, lrippuric, salicylic and 
mandelie acid and other substances often present in the urine, increase the solubility 
of calcium salts, especially of Ca oxalate. Besides this direct hydrotropic action, 
the stabilizing influence of these substances upon the colloids of the urine is of im- 
portance in the prevention of stone formation.” 


A REVIEW OF THE WISCONSIN CANCER - INSTITUTE 
Alexander Brunschwig, M.D., Chicago, III. 

(From the Department of Surgery and Division of Roentgenology of the Department 
of Medicine, University of Chicago ) 

Under the auspices of the Medical School of the University of Wisconsin and with 
the financial aid of the Wisconsin Alumni Research Foundation, a Cancer Institute 
in the form of lectures and round table discussions was held at Madison, Sept. 7, 8, 
and 9, 193G. On the last day, the meetings were held in conjunction with the State 
Medical Society. The address of welcome was delivered by President Glenn Frank 
who expressed his gratification that such a large number of workers in the field of 
cancer in the United States were present. 

The following is a summary of the papers read: 

The Influence of Extrinsic Factors in the Development of Induced Tumors in 
Animals. By Dr. L. Kreyberg, of tbe University of Oslo, Norway. In genetically 
controlled strains of mice, skin cancer was induced by tar painting and the effects 
of certain extrinsic factors on the development of the carcinomas observed. A 
diet high in magnesium seemed to delay the appearance of skin cancer. No effects 
were noted by high carbohydrate or fat diets. A liver diet appeared to hasten the 
development of benign warts but not tbe subsequent development of carcinomatous 
degeneration. In animals fed thyroid gland there was a higher incidence of tumors 
but tbeir appearance was not hastened. 

A second paper presented by the author was entitled The Genetic and Constitu- 
tional Aspects of Spontaneous and Induced Tumors. There is a genetic factor 
involved in the production of skin carcinomas by application of tar since in genet- 
ically pure strains the incidence and time of appearance of these tumors vary. A 
weak “irritant” in a mouse of strong constitutional susceptibility will produce 
carcinoma as will a strong “irritant” in an animal of little constitutional suscep- 
tibility. Spontaneous carcinoma of tbe breast in the mouse is in some way associ- 
ated with ovarian activity since few males develop such tumors. Castration of the 
females at an early age reduces the incidence of spontaneous breast cancer. An as- 
sociation of breast cancer and ovarian tumors has been noted by the author in his 
colony of mice. There is no relationship between the susceptibility of a given 
strain of mice for tar tumors and the incidence of spontaneous mammary cancer. 

The Influence of Intrinsic Factors in the Development of Tumors in Mice. By 
Dr. C. C. Little, Director of the Jackson Laboratory for Cancer Research, Bar 
Harbor, Maine. To the geneticist, the question of spontaneous tumor formation is 
a develo pmental phenomenon similar, perhaps, to the question of morphologic nb* 

Reccived for publication. October 3, 1336 . 
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loo:il tenderness in t Ins region of t lio kidney. The (bird, or sub.vute {.'roup, differ.' 
from tin* second only in tin? degriv of tin? severity of Minjit on!' nnd signs. In both 
of these groups n search of the urine for coeei in tin? early elope?* is usually success- 
fill. A fourth clinical proup is composed of borderline cases in which the clinical 
picture is ill defined. Pathologically these clinical groups include the diffuse sup- 
purative nephritides, the kidney with multiple cortical abscesses, the renal carbuncles, 
and perirenal abscesses. .As indications for operation are given: 

1. The fulminating type of infection. 

2. Tin* widespread infection of the kidney in which the patient seems unable to 
control the disease, as shown by the development of anemia anil failing general con- 
dition. 

.1. Massive abscess of the kidney as shown by the pvclogram. 

■1. IVrinephritie abscess. 

Neckcr (Vienna, Reporter for Austria) recognized primary and secondary sup- 
purations of the renal parenchyma without reference to the probable route of in- 
vasion. The primary suppurations arc rarely diffuse lmt more often sharply cir- 
cumscribed lesions of the cortex usually caused liy staphylococci and only rarely by 
streptococci. Neckcr questioned the occurrence of primary suppurations in flic cortex 
caused by Bacillus coli. Coe cal lesions starting in the peripheral zones extend to 
form the clinical groups recognized ns the rare diffuse cortical suppurations, the 
circumscribed miliary abscesses, flic boillike carbuncles, the largo intrarenal abscesses 
and the so-called xnntholipomatous staphylomycoses. Secondary renal suppuration 
of tho parenchyma usually arises from an infection with Bacillus coli. The pro- 
gressive changes are often influenced in this group by dynamic factors of which 
pyclorennl backflow is one of the most important. The reviewer believes it is not 
possible at present to give a true clinical classification of the various types of cortical 
suppuration except possibly of the carbuncle. 

III. Two of tho reporters on the main subject, the physiology and pathology of 
renal excretion, confined their discussion mainly to hydromechanics. Pisani (Milan, 
Reporter for Italy) distinguished between the secreting and excreting functions of 
tho kidney, the latter being mainly the transportation of tho urine, after it has been 
formed, to the outside; it was this function of renal excretion which he discussed. 
He distinguished between excretory disturbances of motility, particularly with ref- 
erence to peristalsis, disturbances of tone, and mixed disturbances in which alteration 
of both these dynamic factors plays a part. These various disturbances may be 
transitory or permanent and may arise from congenital malformations, from ob- 
structive causes, whether congenital or acquired, from muscular or nerve lesions or 
anv condition which disturbs the patency of the ureteral orifices. Dilatation of the 
excretory duets represents the static element only and is often truly compensatory 
(hypotonic). Hypotonic-hyperkinetic dilatation may give good evacuation whereas 
ln-pot onie and nonkinetic dilatation means a permanent change with loss of function. 

Rubritius (Vienna, Reporter in collaboration with Fuchs for Hungary) discussed 
excretion according to the laws of hydromechanics, emphasizing in particular the 
• portance of reabsorption in relation to obstructions and the factor of minute 
tears in the fornices of minor calyces as balancing the amount of secretion with the 
amount of excretion. The amount formed in excess by the parenchyma of the kidney 
canbe readily taken back into the circulation by this pvelovenous backflow. 

Snapper (Amsterdam, Reporter for Holland) gave a masterly summary of the 
- I ■='olo°T of the secretion of the urine with a judicial discussion of the 
pathologic p °' e of glomerular and tubular activity, establishing the filtra- 

expenmen a secre tion theory. He also summarized the nonsecretory functions 
tion-reabsorption seer ],; mse if has done considerable work with respect to synthesis 
of the kidney, m w nc id un(1 of fIie oxidation and formation of nm- 

of hippuric acid and phenacciur 
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denee from the physicist’s point of view was presented to show why x-rays and 
gamma rays of different wave lengths should have different biologic actions. [The 
latter question, of great practical importance, is by no means settled. — A. B.] 

The Reaction of Tissue Cells to Irradiation. By Professor Henri Coutard, of the 
Radium Institute, Paris, France. If 4,500 r. units of x-radiation measured on the 
skin are delivered in daily doses of 300 to 400 r. per day to the neck through two 
opposing lateral portals the epithelium of the mucosa of the faucial regions, palate 
and pharynx, will he destroyed and the region become covered with a yellowish 
fibrinous membrane on the thirteenth or fourteenth day from the first exposure. 
On the twenty-eighth day the cutaneous epithelium will be destroyed and replaced 
by a similar membrane. Healing of these superficial irradiation "burns” is fairly 
rapid. If the daily dose is 200 r., milder epithelial reactions develop with peaks of 
intensity every thirteen to fourteen days. If 900 r. are delivered in daily doses to a 
total of 4,500 r. epithelial reactions do not occur since there is rapid massive necrosis 
of the underlying connective tissue. 

The cardinal principle in the treatment of carcinoma by x-radiation is to deliver 
the optimal tumor dose (3,600-4,200 r. for nasopharyngeal tumors) in the proper 
chronology so that epithelial effects are maximum and connective tissue effects are 
minimum. 

When the five-year "cure” statistics of 379 patients treated by the daily small 
dose method were reviewed, it was found that the majority of patients surviving 
were treated daily for periods of approximately 13 to 14 days, 23 to 26 days, and 
38 to 42 days. It is thus suggested that the proper method of x-ray treatment may 
prove to be the delivery of large doses (2,400 to 3,000 r. surface measurements) in 
short series of 4 to 8 daily sittings at 13-day intervals for 2 or 3 series to a total 
surface dose of 6,000 to 8,000 r. Severe local tissue reactions are to be avoided 
even though this may mean reducing the dose. 

[Coutard thus indicates departure from some of the principles previously enunci- 
ated by him and which have revolutionized x-ray therapy in the past few 
years. — A. B.] 

Tissue Culture in the Study of Cancer. By Dr. Warren Lewis, Carnegie Insti- 
tute, Washington, D. C. Moving pictures of normal and malignant cells in culture 
were exhibited. Ameboid and phagocytic activity, and mitoses were shown in a 
spectacular manner. Extensive observations indicate that the malignant cell is a 
permanently altered cell. 

The Biology of the Cancer Cell. By Dr. S. P. Reimann, Professor of Experi- 
mental Pathology in the Graduate School of the University of Pennsylvania, Phila- 
delphia. A review of experimental studies on the cancer cell. Malignant neo- 
plasia may arise from excess number of cells, "spare parts,” occurring in various 
organs as a result of aberrations in distribution of undifferentiated cells during 
the early development of the individual organ or tissues. 

Filterable Viruses in Malignant Neoplasms. By Dr. J. B. Murphy, Director of 
Cancer Research, Rockefeller Institute of Medical Research, N. Y. That the filter- 
able principle for the production of fowl sarcoma is actually a "living virus” has 
not been demonstrated. Its true nnture remains unknown. A differentiation must 
be made between agents which actually induce malignant neoplasms and agents 
which maintain their growth and development. Tar injections may induce sarcomas 
in fowls, and from these tumors a filterable agent may be obtained which may 
induce simdnr tumors in other fowls. This principle is not present in the tissues 
lie fore the development of tar sarcomas. In papillomas of rabbits induced by the 
Slmpo virus, n filterable principle cannot be obtained from the lesion when it becomes 
malignant. 
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normalities. || is not u Mcndclifin heredity beemise flier** is for breast cancer, 

for example, a close sox linkage, ami flioro nro linkup's with other variable factors, 
all of which nro not inherited. 1'uither investigations nro necessary for n clearer 
conception of the importance of tho hereilitarv factors in the development of spon- 
taneous tumors in these animals. 

Familial Occurrence of Cancer. By Dr. Madge T. Macklin, University of West- 
ern Ontario, London, Canada. Under existing conditions of the population (in 
Canada) the laws of probability cannot nceount for the occurrence of the same 
types of cancer in related individuals (mother or father, and children). It must 
be eonclnded that in cancer in the human race an hereditary factor plays an impor- 
tant role. Knowledge of this fart on the part of the laity should lead to earlier 
medical consultation for symptoms referable to organs which in the individual fam- 
ily histories seem predisposed to malignant neoplasia. 

Hormones and tho Development of Atypical Growths and Malignant Tumors. 
By Edgar Allen, Professor of Anatomy, Vale University Medical School, Xcw 
Haven, Conn. The follicular hormone is not only n powerful stimulant for the pro- 
liferation of certain genital epithelia and for the female and male breast, but is 
also a stimulant for the proliferation of certain mesoblnstic tissue. The production 
of mammary cancer and of spindle cell sarcoma in mice by injections of large quan- 
tities of this hormone is of great importance in orienting further investigations of 
the mechanism of spontaneous malignant tumor formation. 

Carcinogenic Substances in the Production of Tumors in Laboratory Animals. 
By Dr. H. B. Andervont, Biologist, U. ft. Public Health Service, Boston, Mass. 
Some 40 compounds have been synthesized which are capable of inducing car- 
cinoma when applied to the skin or injected into some of the parenchymatous or- 
gans, and capable of inducing sarcoma when injected subcutaneously. Among these 
are 1-2-o-ti dibenzanthracene, 1-2 benzpyrene and methylcholnnthrene. Some of the 
carcinogenic compounds are feebly estrogenic. Isomers of some of them are less 
potent or innocuous. Simple “irritation" does not appear to bo identified with 
carcinogenicity because some of the innocuous isomers are more irritating than the 
active compounds themselves. Although the anthracene nucleus is common to most 
of the substances, it is not indispensable for carcinogenicity. All of the compounds 
have at least two benzene rings. Methylcholnnthrene, one of the most potent agents, 
may be derived from dcsoxycholie acid, a constituent of normal bile. 

[The work of Kennaway, Hieger, Mayneord, Cook, Dodds, Burrows, and others on 
the svnthesis of carcinogenic compounds constitutes the most important advance in 
experimental cancer research since the demonstration by Vamagiwa and Itehikawn in 
1914, of the carcinogenicity of tar. — A. B.] 


Public Lecture: Cancer, a Public Health Problem. By James Ewing, 
Memorial Hospital, N. Y. Attention was called to the increasing widespread 
interest in the study of all phases of the cancer problem. The usefulness of 
surgical treatment, which is becoming more limited in certnin respects, is increasing 
as regards newer operations and in conjunction with irradiation therapy. The 
"latter from an insecure and minor position, has become a method of prime impor- 
tance' in the curative and palliative treatment of neoplastic disease. Specialization 
•^'the treatment of cancer should permit a more efficient clinical attack. There 
111 ‘ be * oevern l heavily endowed cancer institutes in various parts of the country 

t lead in the development of more effective treatment and to serve ns centers of 

rpscnrcli ill can^- 1 - . 
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REPORT OP THE THIRTY-SEVENTH ANNUAL MEETING 
OP THE AMERICAN ROENTGEN RAY SOCIETY, 
CLEVELAND, OHIO, SEPTEMBER 29 TO OCTOBER 2, 1936 

Leo G. Rigler, M.D., Minneapolis, Minn. 

(From the Department of Sadiology of the University of Minnesota) 

T HE annual meeting of tlie American Boentgen Bay Society held in Cleveland, 
Ohio, September 29 to October 2, 1236, consisted of a large number of papers 
together with an extensive scientific and technical exhibit. Only the more inter- 
esting contributions of this meeting will be reviewed here. 

Doctors Howard Hunt, Bussell Best, and Frederick Hicken, of Omaha, Nebraska, 
presented a paper on The Kadiographic Observation of the Biliary Ducts, During 
and Following Operation, by Cholangiography. They reported that the biliary tract 
may be visualized by replacing 20 or 30 c.c. of bile with a nonirritating radiopaque 
material, such as hippuran, thorotrast or lipiodine by way of the gallbladder or 
biliary ducts. Immediate radiography at operation gives information regarding 
calculi in the ducts, strictures, neoplasms, fistulas, cholangiectasis and the patency 
or occlusion of the biliary ducts which may guide operative procedures. Post- 
operative visualization is done by injection of radiopaque materials through drain- 
age tubes or external fistulas with demonstration of the above conditions and por- 
trayal of the adequacy of operative and drainage procedures. This method, which 
has been used for several years, promises to be of great assistance in demonstrat- 
ing the actual condition of the common duct both during and after operation. The 
development of a good technic for doing cholangiography in the operating room, 
as practiced by the authors, may make it possible frequently to avoid drainage 
of the common duct or to prevent secondary surgical procedures. 

Doctors Haig H. Kasabach and Alexander B. Gutman, of New York City, 
presented a paper on Osteoporosis Circumscripta of the Skull and Paget’s Disease. 
Fifteen New Cases and a Eeview of the Literature. They demonstrated quite 
clearly that osteoporosis circumscripta is a precursor of Paget’s disease or, in a 
broad sense, an atypical form of Paget’s disease. In 32 of the 47 cases which they 
collected from the literature, including their own cases, osteoporosis circum- 
scripta of the skull was associated with typical Paget ’s disease somewhere else in the 
skeleton. In 5 cases in which osteoporosis circumscripta only was found, follow-up 
studies revealed the development of Paget’s disease in or about the areas in the skull 
within two to eight years. 

The classification, pathogenesis, pathology and roentgen features of Acute 
Infections of the Mediastinum were discussed by Dr. Coleman B. Babin, of New 
1 ork. lie pointed out that the majority of suppurative lesions of the mediastinum 
arise from traumatic penetration of the cervical esophagus and cervical infec- 
tions. The communication between a mediastinal abscess and its cervical origin 
may occasionally be demonstrated by injection of iodized oil. The clinical man- 
ifestations and surgical treatment of Acute Infections of the Mediastinum were 
presented by Dr. Harold Nctthof, of New York. He reported a surprisingly high 
percentage of recoveries by means of surgical drainage. In the discussion, Dr. 
Claude B eck, of Cleveland, emphasized the point that many mediastinal infections 
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Tlio Effect of Bacterial Products on tlio Growth of Malignant Tumors. By Dr. 
H. B. Andorvont, Biologist, U. S. Public Health .Service, Boston. Filtrates of 
meningococci injected into or at n distance from it growing transplantable mouse 
sarcoma (sarcoma ISO) induce nn acute hemorrhagic exudate within the tumor 
which is followed by complete regression. 11. coli filtrates (purified for the tumor 
necrosing principle) when injected into or away from growing transplantable 
mouse sarcoma 37 or sarcomas induced by 1-2-5-0 dibenzanthraeene also induce this 
reliction within three or four hours. Carcinomas arc not affected. 

The Recognition and Treatment of Early Malignant Lesions of the Uterine 
Cervix. By Dr. E. Novak, Associate Gynecologist, Johns Hopkins Medical School, 
Baltimore. A discussion of tlio methods of early diagnosis of cancer of the cervix 
and uterus and of tlio radiologic and surgical treatment. 

Treatment of Cancer of tlio Breast by X-Rays. By Dr. Henri Coutard. Ex- 
perience has shown that some varieties of breast carcinomas arc sufficiently radio- 
sensitive to bo permanently controlled by x-ray therapy only. Further clinical in- 
vestigation may lead to a means of differentiating those best treated primarily by 
x-radintion, regardless of size, and those best treated by radical operation noth or 
without x-radintion. 


On tlio evening of September S, 103(5, a public meeting was held in the Great 
Hall of the Memorial Union. An address broadcast by radio, was delivered by Dr. 
C. C. Little, Director of the American Society for the Control of Cancer, entitled 
“A Program for tlio Control and Prevention of Cancer. ” It was pointed out that 
cancer accounted for more deaths than any other single pathologic entity. While 
some forms of cancer arc usually in advanced stages when only slight symptoms 
become manifest, a large percentage of patients with other types of malignant dis- 
ease may be offered a good opportunity for euro if adequately treated in the early 
stages which are manifested (breast, uterus, buccopharyngeal cavity, etc.). A plea 
was made for a change of attitude on the part of the laity, not to regard cancer 
in secret horror but to face the issue openly. Whereas patients are usually proud 
to talk with their friends of what appears to them as spectacular recovery from 
a variety of diseases, the subject of cancer is rarely discussed. Patients who have 
been cured of cancer should not conceal this fact. The American College of Surgeons 
has records of over 25,000 cases of cancer controlled for five years or more. The 
American Society for the Control of Cancer is about to launch a campaign for 
publicity of cured cases and of the curability of certain of the more common forms 
when adequately treated in the early stages. This campaign will begin through 
cooperation with the American Federation of Women’s Clubs, and is intended to 
reach all women in the United States. It is hoped that this will materially increase 
the number of early curable eases to sock medical advice, and to increase public 
interest and financial support for study of the disease. 

The subjects of the several round table discussions were: Diagnostic Problems, 
Genetics in Cancer, Filterable Viruses and Cancer, Surgery and Irradiation in the 
Treatment of Cancer, Cytology of Malignant Neoplasms, and Etiology of Cancer. 

The meetings were all well attended ; the visitors were made to feel a hearty wel- 
Many were permitted to meet personally men with whose writings only they 
come. - f anl ;ii ar . The University of Wisconsin, and especially those 

had P re viou c i iar ge of the Cancer Institute, are to be highly felicitated for the 

immedia c } ^ t j ie programs, and especially for the idea that such a gather- 

choice an con uc ^ that Wisconsin has shown the way, it is to be hoped 

ing should ta c p a ^ emulate the example. Only good can result from such an 
that other ins i u :o . ■ .j 0;tE an( j from such a personal contact of those 

intimate and direct exchange 
working in the field of cancer. 
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and. eosinophile adenomas are radiosensitive and probably can bo controlled with- 
out surgery. The progress of the lesion can be accurately followed by visual 
field examination. Dr. Sosman pointed out that the basophile adenomas of tho 
pituitary gland are rare as compared with the frequency of the chromophobe and 
eosinophile adenomas, but their effect upon the individual is much more marked. 
This tumor causes all of its bizarre and striking effects by hypersecretion and has 
no local or neighborhood pressure effects. It apparentlj' produces systemic changes 
through the other endocrine glands. The basophile adenoma is quite sensitive 
to roentgen ray treatment as judged by the results in three cases which were re- 
ported in detail. 

A new method of roentgen therapy which has been practiced in Germany since 
1931 was described in a paper by Dr. Eugene P. Pendergrass, of Philadelphia, en- 
titled Roentgen Therapy by the Method of Chaoul. Dr. Chaoul uses a very small, 
shockproof, fully protected x-ray tube which is brought into close contact with the 
lesion to be treated. It may be placed in the oral cavity, pharynx, vagina, or 
rectum if desired. Low voltage is used, and an effect similar to that of surface 
applications of radium is produced. It is being used in Germany as a substitute 
largely because of the inability of the Germans to purchase radium. 

Doctors Ira I. Kaplan and Sidney Rubenfeld, of New York, presented a paper on 
Prolonged Low Intensity Irradiation. The authors devised a bedside x-ray therapy 
unit, constructed along shockproof lines, which would permit them to give, 
economically and safely, prolonged low intensity x-ray therapy treatments with 
the patient comfortably cared for in his own lied. The machine is operated at a 
relatively low voltage, 110 KV, with only 1 MA of current, and the filter employed is 
% to a /4 mm. of copper plus 1 mm. of aluminum, treatment being given at a 
distance of 50 to 80 centimeters. The authors have treated a wide variety of 
cases in this manner; infectious processes, particularly, such as bronchiectasis, 
unresolved pneumonia, and psoriasis, were first attempted. Then leucemias and 
lymphogranulomas were added, and now the authors are studying the effects of 
this type of irradiation on malignant tumors. They have obtained some en- 
couraging results in certain cases. By combining the principle of protracted frac- 
tional irradiation together with a modified continuous irradiation, tlie 3 ' believe 
that they are presenting a new type of therapy which merits further study. 

A paper on Fracture of the Femoral Neck Following Irradiation, by Doctors 
Harold W. Jacox, Kobert G. Dalby, and Norman F. Miller, of Ann Arbor, detailed 
a series of 14 cases in whom spontaneous fracture of the femoral neck occurred 
following irradiation of the pelvis for gynecologic conditions. I'he exact cause 
was not apparent, but careful histologic studies in two cases revealed no evidence 
of metastasis. 

Dr. Eichard Dresser, of Boston, presented a paper on The Production of Super 
Voltage Eoentgen Eays by Means of the Van de Graaff Generator. He described a 
method for the production of high voltage roentgen rays by a relatively simple 
apparatus. This consists of a high voltage body mounted on an insulator which 
is charged by means of electrons carried by belts running at high speed. An x-rav 
tube of the cascade type under continuous exhaustion is energized from this high 
voltage body, and small quantities of very high voltage x-rays may thus be pro- 
duced. 

Dr. Robert B. Taft, of Charleston, presented studies Concerning the Radio- 
activity of Thorotrast by the Use of the Geiger Counter. He found that 75 
c.e. of the commercial preparation thorotrast gave a count equivalent to the gamma 
radiation of 1.37 micrograms of radium. This is in contrast with the failure to 
detect any radioactivity by the simple procedure of placing tho thorotrast 
x-ray film. 
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mo air-borne and Hint (hoy arc very common in animals; J.)r. Alton Ochsner, of 
Xow Orloans, oallod intention to the value of bronrhoscopic. drainage in (ho treat- 
meal of mediastinal ahsooss. 


A paper on Roentgen Kymograpliic Studies of Pulmonary Lesions, by Doctors 
Wendell Scott and Sherwood Moore, of St. Louis, dealt, with the application of this 
relatively new method of roentgen study to the movements of the diaphragms, 
ribs, and mediastinum. Hv menus of kymography the altered motion of these 
structures under various abnormal conditions such ns bronchial stenosis from tumor 
or foreign body, chronic mediastinitis or pulmonary fibrosis can be graphically 
demonstrated. While the findings are essentially the same as those demonstrated 
by fluoroscopy, the kymogram permits a more accurate and permanent recording 
of motion. In surgical conditions of (lie thorax this method of study may prove 
of great value. 

The Roentgenological Diagnosis of Pericardial Scars (Adhesive Pericarditis) 
and Encapsulated Pericardial Effusion was presented by Dr. Eugene Freedman, of 
Cleveland, and discussed by Dr. Claude Bock. Freedman described the roentgen 
findings in the eases which have been operated upon by Dr. Beck and indicated 
the general results of pcricnrdiectomy (decompression of the heart) ns practiced 
by Dr. Beck. Dr. Beck gave an outline of the indications for surgery in adhesive 
pericarditis and explained his objection to this term. He also discovered the 
fallacy of the Brauor operation ill the treatment of this condition. 

The Physiologic Consideration of Ileus was discussed by Dr. Alton Ochsner, 
who gave it as his opinion that the toxemia and loss of fluids are Inrgely re- 
sponsible for the fatal results of obstruction. He emphasized strongly the im- 
portance of intramural strangulation due to the great distention of the bowel. 
Ochsner is thoroughly convinced of the crucial value of the roentgenogram of the 
abdomen in tlie demonstration of ileus, but he believes that by this method alone 
advnnmic ileus cannot be distinguished from mechanical obstruction. 


A paper on Congenital or Infantile Dislocation of the Hips was given by Dr. 
Edward C. Vogt, of Boston. He presented evidence to indicate that the disloca- 
tion is not present at birth but occurs as a result of relaxation of tendons and 
ligaments in an otherwise normal joint. A Clinical and Roentgenological Study 
of Low Back Pain With Sciatic Radiation was presented by Drs. Carl E. Badgley 
and Fred Jenner Hodges, of Ann Arbor. They studied 500 cases and found little 
or no constancy in the roentgenologic findings in the lower spine in these pntients. 
The most common change was a narrowing of the fifth lumbar intervertebral disc. 

One of the striking contributions at this meeting was presented by Drs. Aubrey 
O. Hampton and J. Maurice Robinson, of Boston, on The Lipiodo-Diagnosis of Rup- 
ture of the Intervertebral Discs Into the Spinal Canal (With Particular Reference 
to Those Lesions Simulating Sciatica and Low Back Strain). They detailed the 
d'n s in 40 proved cases of clinically important intrnspinal ruptures of the inter- 
1 tebral discs The majority of these patients were suffering with intractable 
V0 ^ simulating sacroiliac disease, sciatica, and low back strain. By the injection 
pain . ‘ jj ie ]„ m l)ar spinal canal, a characteristic defect in the shadow 

of iodize! displaced nucleus, pulposus can be well demonstrated in tho 

due to pressui - pn i Te iief by removal of this structure was reported. 

roentgenogram, me 

. Adenomas of the Pituitary Body was presented by Drs. Elliott 

A symposium Schnitker, W. W. Vaughan, and Merrill C. Sosman, of 

c. Cutter and ax n ^- roentgen0 ’ ]ogis findings in various types of pituitary 
Uimit , IiaHi "Drs flnflor Jirifl Vnitfrltnu wna tllJlt 
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described; the conclusion of both Drs. Cutler and Vaughan was 


tumors were ae. > attempted in tumors of the pituitary gland before resort- 

irradiation should be irs - r j 0IiCC that about SO per cent of the chromopliobo 
ing (o surgery. It is tlieir c ' p 



RESUME op the meetings op the associated 
ANESTHETISTS’ SOCIETIES AT THE FIFTEENTH 
ANNUAL CONGRESS OP ANESTHETISTS, 
PHILADELPHIA, OCTOBER 19 TO 23, 1936 

Edward B. Tuohy, M.D., Rochester, Minn. 

( From Ihe Mayo Clinic) 

T HIS past meeting was one of the largest assemblies of the Congress of Anes- 
thetists. It was held in conjunction with the American College of Surgeons, and 
its representation included several renowned personages from the United States, 
Canada and abroad. The meeting was appropriately dedicated to the memory of 
the late Ur. E. I. McKesson. 

The various scientific sessions dealt with practically all phases of anesthesia, em- 
phasizing current research in anesthesia and analgesia and the newer methods of 
administering anesthetic agents. Interspersed among presentations at the general 
assemblies were various clinics at some of the local hospitals which dealt with the 
administration of anesthetic agents. 

The University of Pennsylvania School of Medicine and Surgical Research had 
several demonstrations, under the direction of Ur. I. S. Ravdin and his associates. 
Both Ur. Ravdin and Ur. Goldschmidt gave presentations on the use of divinyl ether, 
and gave both clinical and experimental data relative to its usefulness as one of the 
new anesthetic agents. In brief, it was their opinion that divinvl ether should be 
used for operations which do not require more than an hour’s time, and they em- 
phasized the more conservative use of this agent for operations lasting up to a half 
hour. They have demonstrated experimentally that damage to the liver may result 
with too prolonged use or too rapid administration of divinyl ether. 

Spinal anesthesia was discussed at some length by various investigators, as was 
also the use of several agents for producing it. Professor Trempe, of Quebec, ad- 
vocated the use of nupercaine for spinal anesthesia, according to the method of 
Howard Jones, and this method and agent for producing spinal anesthesia were 
approved of by several other workers. There were numerous discussions, however, 
regarding the use of other types of agents, such as procaine, metj-caine, and panto- 
caine. There is apparently no unanimity of opinion as to which agent or technic 
seems to be the most practical and valuable, since various agents in the hands of cer- 
tain investigators seem to be satisfactory; and likewise, various modifications of 
spinal teclmic seem to be satisfactory in the hands of certain individual workers. 

Epidural anesthesia was discussed by Ur. A. L. Soresi, of New York, and its use- 
fulness as an added method of regional anesthesia commented on, especially for 
operations on patients who arc more or less debilitated. Epidural anesthesia causes 
much less fall in blood pressure and is practically devoid of the complication of 
lumbar puncture headache. Undoubtedly epidural anesthesia will be used more and 
more frequently as the technic is mastered by more individuals. The secret of its 
use lies in the fact that the epidural space has a negative pressure, which can be 
measured by means of a simple manometer attached to the needle or bv means of the 
so-called hanging drop technic of Ur. Soresi. 

Cyclopropane anesthesia was quite thoroughly discussed by Ur. Harold Griffith, 
oT Montreal, and by I) r . Eversole, of Boston. It was the current opinion that cyclo- 
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Two outstanding technical achievements wore presented on the Just day of the 
mooting. Tlio first paper was entitled Planigraphy and Tomography: The Roent- 
gonographic Representation of Plano Sections of Solid Objects, hy Dr. Robert 
Andrews, of Cleveland. .In this presentation there was shown, for the first time 
in this country, a new method of roentgenography with which many experiments 
have already been conducted abroad. The purpose of this procedure is to project 
images of predetermined plane sections of solid objects on a roentgen film, with 
sharpness, while the structures in a different plane of the same object arc blurred 
and indistinct. This is accomplished by moving the roentgen ray tube in one direc- 
tion while the film is moved simultaneously in the opposite direction during the ex- 
posure, the object remaining fixed. The tube and film move around a point which 
is fixed at the level of the desired plane. A simple example of this procedure is 
the roentgenography of the sphenoid sinus. By correct application of this principle, 
an anteroposterior projection of the skull may be obtained in which the sphenoid 
sinus stands out from its surroundings as a clear-cut sharp image, while the remain- 
ing structures of the skull are blurred and indistinct. The practical value of this 
innovation is still doubtful. 

The second paper, A Preliminary Report on Cine-Flttorography, was one of the 
more important achievements of the meeting. This was presented by Drs. William 
H. Stewart, William J. Hoffman, and P. H. Ghiselin, of iS T ew York. By the uso of 
a special lens, a very sensitive motion picture film, a highly sensitive fluoroscopic 
screen, and tlio application of heavy exposures, the authors have produced, for 
the first time, a very satisfactory motion picture made directly from tlio fluoro- 
scopic imago. The results were particularly good in the visualization of f ho thorax, 
although intrnabdominal structures were also demonstrated. It is possible that 
tho method will bo of value chiefly for experimental research and teaching. At 
present the expense of the equipment and tho excessive exposures make it im- 
practical to use for diagnostic purposes. For study and teaching, particularly of 
diseases of the thorax, such motion picture films will no doubt bo exceedingly 
useful. 



RESUME OP THE MEETING OF THE AMERICAN SOCIETY OF 
ANESTHETISTS AT THE ACADEMY OF MEDICINE 
NEW YORK, N. IT, OCTOBER 8, 1936 


Edward B. Tuohy, M.D., Rochester, Minn. 

(From the Mayo Clinic ) 

D R. MILTON PETERSON, of Bellevue Hospital, presented a report on the technic 
for endobronchial anesthesia. The use of the direct laryngoscope* is essential, 
since the technic involves the passing of a curved rubber tube into the trachea and 
between the vocal cords, under direct vision. It is necessary that the patient be 
relaxed under surgical anesthesia before this maneuver is attempted ; otherwise, 
unnecessary trauma to the region of the glottis may occur. The usual methods of 
induction are used, and nitrous oxide and ether vapor, or cyclopropane, are used 
' as anesthetic agents. After the tube has been successfully directed into the trachea, 
it is advanced until resistance is felt, indicating that the tip of the endotracheal 
tube is at the bifurcation of the trachea. The direction in which the tip of the 
tube is rotated determines largely into which bronchus the endotracheal tube has 
entered. Usually, little resistance is encountered in passing the tube into either main 
bronchus. An inflatable rubber cull of the Waters-Guedel type surrounds the endo- 
bronchial tube about an inch (2.5 cm.) from its distal end, so that, when intubation 
of the bronchus has been successfully carried out, a comparatively airtight circuit 
may be obtained by inflating the cuff. The cuff is inflated with air by means of 
a small syringe which is adapted to a small catheter attached to the large endo- 
bronchial tube. It was further suggested that the inflatable cuff would aid also 
in preventing secretions from the opposite bronchus from entering the lung to 
which the anesthetic is being administered. For the maintenance of anesthesia, 
tlio free end of the tube, as it emerges from the mouth, is connected by means of 
special adapters to the leads of a standard gas machine, and any of the usual 
anesthetic agents may he given through this endobronchial tube. 

Dr. Van Gilluwc presented a motion picture of the carbon dioxide absorption 
technic and the use of cyclopropane for special surgical operations. He also 
described bis method of intratracheal and endobronchial intubation by means of 
soft rubber tubing of tlie Mngill type. In addition, lie presented an ingenious 
•'emonstration which showed the passage of an intratracheal tube through an arti- 
ficially constructed trachea and bronchial tree. Sections of rubber tubing of ap- 
proximately the diameter and size of adult tracheal rings were joined together 
with transparent windows between the rubber rings, which permitted direct observa- 
tion of the intratracheal tube as it was advanced into the trachea and main 
bronchi. The usual type of tube used for intratracheal or endobronchial anesthesia 
is made of soft rubber and possesses a natural curve so that it may he easily intro- 
duced, when greased with sterile petrolatum, through the nose and thence into the 
trachea. It may also be introduced orally under direct vision with a laryngoscope. 
I he Mngill intratracheal tubes are supplied in various sizes for children and adults. 
T he average tube for an adult is approximately 20 cm. in length and 1.3 cm. in 
outside diameter. This particular size of tube will permit easy to-nnd-fro respira- 
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propane is u very uselul anesthetic agent, iml flint very definite carp must 1 >p ex- 
ercised in its mlminist rat ion, since it is a very potent agent, especially in its effect 
on respiratory anil coniine function. 

Tlio intratracheal metlioil of anesthesia was presented in detail by Dr. Sykes and 
Dr, .lolm Hunter and others, anil they emphasized the point that it provides an ade- 
quate airway tor tonnd-fro respiration and furnishes improved surgical relaxation. 
Numerous now devices for introducing intratracheal tubes blindly through the mouth 
wore shown, and also several other ingenious instruments for the administration of 
intratracheal anesthetics. 

Intravenous anesthesia by means of some of the barbiturates was likewise dis- 
cussed, and such agents as cvipal soluble, pentothal sodium, and nicthylnutnal were 
submitted as useful agents in producing anesthesia of short duration by the intra- 
venous route. The essential feature in the administration of barbiturates is that the 
agent must be administered very slowly and intermittently, and not according to 
body weight. The use of these agents should be limited to operations of short dura- 
tion which do not. require maximal muscular relaxation. 

A report, of 5,000 administrations of avert in for rectal anesthesia was made by 
Dr. L. IB. Mueller, of Indianapolis. This is one of the largest series of eases in 
which avertin has been used, and it js quite striking on the basis of the large number 
of cases apparently without untoward results. 

Dr. Brian Sword, of New Haven, presented n method of continuous gas anil 
air analgesia for obstetric, cases. The essential feature of this particular type of 
analgesia is that the patient is kept in a very mild state of anesthesia throughout the 
course of the first stage of labor. Technically the success of the method depends on 
having the aperture for the entrance of the anesthetic agent close to the patient's 
face and not. near the intake for air at the top of the face mask. The advantage 
of this type of analgesia is that, the patient can assist in labor, and at the same time 
the severity of the pains during labor are minimized. As labor progresses, the depth 
of anesthesia may he increased as is deemed necessary. 

The use of cyclopropane in obstetric practice has proved quite satisfactory, and 
one worker stated that there was less uterine hemorrhage after the use of cyclo- 
propane and less postoperative distention. 

Several restorative or analeptic drugs were studied by Dr. E. A. Bovenstino, of 
New York, and in bis opinion, coramine, picrotoxin, and metrar.ol were all suitable 
agents in the various types of cases studied. Any one of these particular drugs, 
if given, in large enough quantities, will produce convulsions, but when given in 
therapeutic dosages they are stimulating in their action. 

Complete papers covering these numerous phases of anesthesia will be published 
subsequently in the ensuing issues of Current Researches in Anesthesia and Analgesia, 
and anyone interested may secure the added information from that source. 



Book Reviews 


Recent Advances in Genitourinary Surgery. By H. Bailey and N. M. Matheson. 
Cloth. Pp. 205, with illustrations. Philadelphia and London, 1930, P. Blakiston : s 
Son & Company. 


This book better could be called “Current Practices in Urology,” since it deals 
with many matters which are not, strictly speaking, recent advances. The reviewer 
assumes that it is intended to make available to the general practitioner and general 
surgeon the current trends in urology. Viewed in this light, it is a very valuable 
little volume, since it is concise, pointed, and contains a useful bibliography. Its 
value in this field would be much increased by the inclusion of critical comments 
from the authors. As it stands, it quotes in places conclusions of somewhat doubt- 
ful validity, particularly as concerns the proved value of certain recently developed 
operations, which certainly merit critical comment. 

As a review of current literature for urologists, it is a little too brief to be com- 
pared with the “Yearbook of Urology.” 

The chapter on excretory urography is excellent, presenting clearly the indications, 
limitations, and value of the method. Particularly important is the emphasis upon 
its limitations in discovering small foci of tuberculosis, and upon the resultant indica- 
tions for retrograde pyelography. 

The view of the value of decapsulation in nephritis is unusually hopeful, and is 
ono not generally held; many will question the notion that nephropexy is required 
whenever the renal pelvis sinks below the fourth lumbar vertebra. 

The review of the present treatment of infections in the urinary tract is unusually 
complete, although the value of neoarsphenamine in chronic coccal infections is 
deserving of mention, and the kctogenic diet receives less space than it appears to 
deserve. The value of drainage by ureteral catheter or nephrostomy is emphasized. 

The growing enthusiasm for conservative operations in hydronephrosis from ob- 
struction at the urcteropelvic junction is reflected in this discussion. One would 
like to see the Scliwyzcr-Foley operation mentioned. 

The section on urinary calculi contains an excellent presentation of current views 
of their etiology; the emphasis on the value of nephrostomy after the removal of 
venal stones is sound. 


The newly developing operations upon the sympathetic innervation of the urinary 
tract are well discussed, although the views of the Harrises as to the importance 
o disturbances of sympathetic innervation in causing renal pain are not yet widely 
accepted. Presncral neurectomy is explained. 


The reviewer was a little startled to find, in a work entitled “Recent Advances ” 
a discussion of the dangers of sudden emptying of the bladder together with a recom- 
mendation for recompression when the bladder is inadvertently emptied. Thi« 
problem was mentioned in the Ebers Papyrus, and was frequently discussed at the 
beginning of the nineteenth century. The theory was revived at tlic beginning of this 
h ’ n validity has never been proved. The persistence of this^dea is 

wWl nr ? nT !\‘ Cnds t0 cuuso tlle pur gcon to blame nature for the disasters 
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’ r man tlic rate of emptying, which is important. 
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tion to occur within the tube, mid will serve as a good airway in case artificial 
respiration is necessary. Intratracheal tubes and endobronchial tubes arc also 
available with inflatable rubber cuffs at the distal end if so desired. 

Dr. Sidney IViggin, of Heston, considered the use of pontocnine (pantocain) 
and procaine in spinal anesthesia. In his experience, the administration of pon- 
tocnino alone has not given a complete sensory anesthesia in all cases, although 
motor paralysis was satisfactory. However, he has found that a combination of 
pontocnine and procaine 1ms given satisfactory sensory anesthesia and adequate 
relaxation. In the 700 cases studied, in which pontocnine and procaine were ad- 
ministered as spinal anesthetics, he observed less nnusea and less variation in blood 
pressure than when either procaine or pontocnine was used alone. Pontocnine is 
approximately ten times more potent than procaine and is noted for its prolonged 
action. The combination of about (it) per cent pontocnine and JO per cent procaine 
lias been a satisfactory mixture. I'o r example, (5 mg’, of pontocnine and 40 mg. 
of procaine would be the ustml proportion for a dose of 100 mg. The patients 
to whom this mixture of spinal anesthetics was administered were carefully selected, 
and debilitated patients were omitted. As a means of determining the contrain- 
dication to spinal anesthesia in these studies, ephedrine sulphate was administered 
in doses of 50 mg. in order to ascertain the individual's response to the pressor 
agent. If 50 mg. of ephedrine sulphate did not raise blood pressure and improve 
the pulse of the individual under study within fifteen minutes, the spinal anesthetic 
was not used. The author routinely used the second and the third lumbar inter- 
space as the site of injection and emphasized that the rate of injection of the 
anesthetic should not exceed 0.5 c.e. per second. Ho also has devised a special 
dilution table which lie uses as a general guide in determining the doses and dilu- 
tions of the anesthetic for various types of operation. All of bis patients received 
preliminary medication prior to spinal anesthesia, which generally consisted of 1% 
grain (0.097 gm.) of pentobarbital sodium, % grain (0.010 gm.) of morphine 
sulphate, and grain (0.0001 gm.) of scopolamine. In a few cases, nitrous oxide 
and oxygen was used to supplement the spinal anesthesia. Postoperativcly, unless 
there were contraindications, the patients were moved in bed from side to side 
frequently in order to prevent pulmonary disturbances. The usual intravenous and 
rectal methods were used for supplying fluids immediately after operation. Either 
a 5 per cent solution of dextrose or a physiologic saline solution was given, ne 
concluded that the mixture of pontocaine and procaine was more satisfactory than 
either preparation used separately, from the standpoints of nausea, vomiting, respira- 
tory depression, and variations in blood pressure. 



Book Reviews 


Kecent Advances in Genitourinary Surgery. By H. Bailey and N. M. Matheson. 
Cloth. Pp: 205, with illustrations. Philadelphia and London, 1936, P. Blakiston's 
Son & Company. 


This book better could be called “Current Practices in 'Urology,” since it deals 
with many matters which are not, strictly speaking, recent advances. The reviewer 
assumes that it is intended to make available to the general practitioner and general 
surgeon the current trends in urology. Viewed in this light, it is a very valuable 
little volume, since it is concise, pointed, and contains a useful bibliography. Its 
value in this field would be much increased by the inclusion of critical comments 
from the authors. As it stands, it quotes in places conclusions of somewhat doubt- 
ful validity, particularly as concerns the proved value of certain recently developed 
operations, which certainly merit critical comment. 

As a review of current literature for urologists, it is a little too brief to be com- 
pared with the “Yearbook of Urology.” 

The chapter on excretory urography is excellent, presenting clearly the indications, 
limitations, and value of the method. Particularly important is the emphasis upon 
its limitations in discovering small foci of tuberculosis, and upon the resultant indica- 
tions for retrograde pyelography. 

The view of the value of decapsulation in nephritis is unusually hopeful, and is 
ono not generally- held; many will question the notion that nephropexy is required 
whenever the renal pelvis sinks below the fourth lumbar vertebra. 

The review of the present treatment of infections in the urinary tract is unusually 
complete, although the value of neoarsphenamine in chronic coccal infections is 
deserving of mention, and the ketogenic diet receives less space than it appears to 
deserve. The value of drainage by ureteral catheter or nephrostomy is emphasized. 

The growing enthusiasm for conservative operations in hydronephrosis from ob- 
struction at the urcteropelvie junction is reflected in this discussion. One would 
like to see the Scliwyzer-Foley operation mentioned. 

The section on urinary calculi contains an excellent presentation of current views 
of their etiology; the emphasis on the value of nephrostomy after the removal of 
renal stones is sound. 


The newly developing operations upon the sympathetic innervation of the urinary- 
tract arc well discussed, although the views of the Harrises as to the importance 
of disturbances of sympathetic innervation in causing renal pain are not yet widely 
accepted. Prcsacral neurectomy is explained. 

The reviewer was a little startled to find, in a work entitled “Kecent Advances,” 
a discussion of the dangers of sudden emptying of the bladder together with a recom- 
mendation for rccomprcssion when the bladder is inadvertently emptied. This 
pro dem was mentioned in the Ebers Papyrus, and was frequently discussed at the 
ic ginning of the nineteenth century. The theory was revived at the beginning of this 
century but its validity has never been proved. The persistence of thhfiden is 
regrettable, since it tends to cause the surgeon to blame nature for the disasters 
u U often follow his introduction of bacteria into the distended bladder and to 
de ny acceptance of BumpmP idea that it is the maintenance of riS nips* „ 
catheterization, rather than the rate of emptying, which is important P 
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tion to occur within the tube, and will serve as a good airway in case artificial 
respiration is necessary. Intratracheal tubes and endobronchial tubes are also 
available with inflatable rubber cud's at the distal end if so desired. 

Dr. Sidney Wiggin, of Boston, considered the use of pontoeainc (pantocain) 
and procaine in spinal anesthesia. In his experience, the administration of po»- 
tocaine alone has not pi von a complete sensory anesthesia in all cases, although 
motor paralysis was satisfactory. However, in: lias found that a combination of 
pout outline and procaine 1ms given satisfactory sensory anesthesia and adequate 
relaxation. In the 700 eases studied, in which pantocaine and procaine were ad- 
ministered as spinal anesthetics, lie observed less nausea and less variation in blood 
pressure than when either procaine or pantocaine was used alone. Pontoeainc is 
approximately ten times more potent than procaine and is noted for its prolonged 
action. The combination of about (iO per cent pontoeainc and 40 per cent procaine 
lms been a satisfactory mixture. Dor example, (i mg. of pontoeainc and 40 mg. 
of procaine would be the usual proportion for a dose of 100 mg. The patients 
to whom tins mixture of spinal anesthetics was administered were carefully selected, 
and debilitated patients were omitted. As a means of determining the contrain- 
dication to spinal anesthesia in these studies, ephedrine sulphate was administered 
in doses of 50 mg. in order to ascertain the individual’s response to the pressor 
agent. If 50 mg. of ephedrine sulphate did not raise blood pressure and improve 
tlio pulse of the individual under study within fifteen minutes, tiie spinal anesthetic 
was not used. The author routinely used the second and the third lumbar inter- 
space as the site of injection and emphasized that the rate of injection of the 
anesthetic should not. exceed 0.5 c.c. per second. lie also has devised a special 
dilution table which lie uses ns a general guide in determining the doses and dilu- 
tions of the anesthetic for various types of operation. All of his patients received 
preliminary medication prior to spinal anesthesia, which generally consisted of 1% 
grain (0.097 gm.) of pentobarbital sodium, J/j grain (0.010 gm.) of morphine 
sulphate, and J-j c0 grain (0.0004 gm.) of scopolamine. In a few cases, nitrous oxide 
and oxygen was used to supplement the spinal anesthesia. Postoperative!}-, unless 
there were contraindications, the patients were moved in bed from side to side 
frequently in order to prevent pulmonary disturbances. The usual intravenous and 
rectal methods were used for supplying fluids immediately after operation. Either 
a 5 per cent solution of dextrose or a physiologic saline solution was given. He 
concluded that the mixture of pontocaiue and procaine was more satisfactory than 
either preparation used separately, from the standpoints of nausea, vomiting, respira- 
tory depression, and variations in blood pressure. 
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There is an uilmirnlilc summary of (lie status of tin! therapy of tumors of the 
Madder, and (lie authors'' attitude toward transurethral resection of the prostate is 
unusually free from bias. Their ronelusion that relatively large lateral lobes require 
prostatectomy will lie disputed only by those of large experience with resection. 

J rany skeptics will be pleased by their reference to ureteral stricture as “this 
somewhat nebulous lesion.” The more widely used methods of transplantation of the 
ureter into the bowel are described. 

The chapter on the surgery of the adrenal quotes too many indications and omits 
to mention the very real danger of fatal postoperative adrenal insufficiency, a danger 
which will not disappear until it is possible to determine preoporativcly whether both 
adrenals are present and functioning. The current work in the United States on 
adrenalectomy in hypertension is not mentioned. 

The recent observations on the occurrence of the hormones of pregnancy in the 
urine in teratoma testis is well described, as is the injection treatment of hydrocele 
and varicocele. 

There are also discussions of renal function tests, treatment of uremia, renal 
evsts and neoplasms, urogenital tuberculosis, retention and incontinence of urine, 
and sterility; but the data presented do not really belong to recent advances. 

One may summarize by saving that here is a concise, excellent volamc for the 
general practitioner or surgeon interested in keeping abreast of current practices, 
and lacking only a more critical attitude on the part of the authors. 


Books Received 


The receipt of hooks is acknowledged in this section and this statement must he 
regarded as sufficient acknowledgment of the courtesy of the sender. Selections will 
be made for more extensive review dictated by the interests of our renders and as 
space permits. 


DISEASES OP THE CORONARY ARTERIES AND CARDIAC PAIN. By 
Robert L. Levy, Columbia University, New York. Cloth. Price $0. New York, 
1936, The Macmillan Company. 


NEUROLOGICAL SURGERY. By Loyal Davis, Northwestern University Med- 
ical School, Chicago. Cloth. Price $6. Pp. 429, with 172 engravings, 2 plates. 
Philadelphia, 1936, Lea & Febiger. 


A TEXTBOOK OF SURGERY. By Frederick Christopher, Northwestern Uni- 
versity Medical School, Chicago. Cloth. Price $10. Pp. 160S with 1349 illustra- 
tions. Philadelphia, 1936, IV. B. Saunders Company. 


MINOR SURGERY. By Frederick Christopher, Northwestern University Medical 
School, Chicago. Cloth. Price $10. Third edition. Philadelphia, 1936, IV. B. 
Saunders Company. 


AMERICAN CHAMBER OF HORRORS. By Ruth DeForest Lamb. Cloth. Price 
$“> 50. Pp. 418- Second edition. New York, 1935, Farrar & Rinehart. 

MODERN MOTHERHOOD. By Claude Edwin Heaton, New York University 
College of Medicine. With Introduction by Hazel 
Jp. 271. New York, 1935, Farrar & Emehnrt. 


Corbin. Cloth. Price $2.00, 



DAVID: ATRESIA ANI VAGINALIS 


165 


been delivered three times, and neither her doctor, her husband, nor 
herself were aware of any abnormality until another doctor attempted 
to make a rectal examination. This strange episode also demonstrates 
that continence may exist with atresia ani vaginalis. As we have 



of the bowe°”nmi ti0 n n ^ali C ^onMV„ t i^Ti n ?A^fnJ ncislon ,, surro V? dinK va &nn\ opening 
mobilization of anterior wall or ’ rectum Is ncce"sa°^. r spliincter muscles. Whle 

delayed radical operation in our patients until they were six years of 
‘«f e ’.w° liave seen four of these patients develop normal control of 
ie bowel action m its abnormal position, and in two of them there 
has been a definite separation of the rectal opening from the va-nna 
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Our observations are based on tiic study and care of six children 
baring the rectal opening inside the vulva just posterior to the hymen 
which was perfectly formed in all of the eases. In two of the children 
the vaginal opening of the bowel was small and insufficient so that 
symptoms of bowel obstruction were in evidence. It is important to 
think of the possibility of a vaginal opening of the rectum in infants 



Fig. i. 



Fig. 1.— -From second edition Ombredonne, “Clilrurgio Infantile." RIzzoli operation 
— raquet Incision exposing the vaginal opening of the bowel as well as the proposed 
new site for the bowel opening. 

Fig. 2.— From second edition Ombredonne. "Chirurgie Infantile.” RIzzoli operation 
completed with bowel opening in normal position and operative defect closed. 



anal opening. 


horn without a normal anus, for the vaginal opening be small and 
plugged with dried meconium so that acute obstruction develops. 
Pour of the children had an ample bowel opening in the vagina so that 
normal movements began early and continued without any evidence 
of obstruction. In this connection many such patients have lived into 
adult life without knowing that any deformity existed. Delbet and 
Brechot quote Le Fort whose patient of forty-eight years of age had 
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are likely also to be absent. This bas an important bearing on re- 
placement of a continent vaginal rectum to its normal site where the 
opening would be largely incontinent. 



F5r. 6. — Skin flops Inverted Into the anal opening and sutured to the end of the bowel. 

Vaginal defect closed. 

Where the vaginal opening is small and insufficient and cannot be 
dilated and maintained at a proper size, a simple longitudinal division 
and transverse suture plastic of the rectal opening may he done as a 
temporary procedure. This was carried out in one infant who later 
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so tl . 1,,t 5,1 <,,le ,],c re<:,! ' 1 opening is now perineal and is sufficient and 
conUncnK ^ se0Ills clear that, operative interference in these four 
patients is not. indicated, especially in view of the fact that in none 



j^jcr 5 Shows formation of slcin flaps at new anal opening - which are inverted into 

the space occupied by the anus to be sutured to the terminal bowel. 


of. the four is there any evidence of the sphincter muscles at the usual 
anal site. It. will be remembered that the sphincter muscles arise 
around tlie infolding of epithelium forming the proctodeum or anus. 
If t j ie ana | depression or puckering is absent, the sphincter muscles 



FURTHER LABORATORY AND CLINICAL EXPERIENCES IN 
THE TREATMENT OF CHRONIC, UNDERMINING, 
BURROWING ULCERS WITH ZINC PEROXIDE 

Frank L. Meleney, M.D., and Balbina A. Johnson, A.B. 

New Yokk, N. Y. 

( From the Surgical Service of the Presbyterian Hospital, New York City, and the 
Laboratory for Bacteriological Research of the Department of Surgery, College 
of Physicians and Surgeons, Columbia University ) 

S INCE the publication of our first reports on the favorable effect 
of zinc peroxide on anaerobic and mieroaerophilic infections , 1, 2 we 
have had an opportunity of studying in some detail nineteen other 
cases which presented the typical picture of that devastating lesion of 
the skin and subcutaneous tissues which is caused by a mieroaerophilic 
hemolytic streptococcus and is called by the descriptive name "chronic 
undermining burrowing ulcer." Eight of these cases were seen in 
other hospitals and were cared for by other surgeons who have been kind 
enough to let me refer to them in this paper. Such references, how- 
ever, shall be in general terms only, for these eases may be reported 
elsewhere by the physicians immediately responsible for them. The 
present paper is submitted in order to outline in some detail ten new 
eases of this rare disease (one more is now being treated), which have 
been eared for at the Presbyterian Hospital, New York City. Some of 
these eases had certain features which were not associated with the 
earlier cases, and we have had certain difficulties in the use of the zinc 
peroxide itself which were not encountered before. 

The favorable action of zinc peroxide in the last thi’ee cases of the 
original series 1 was so striking that we fully expected similar results 
with ..subsequent patients. There were certain physical properties of the 
zine peroxide, however, which seemed to be unfavorable, and we 
suggested to the manufacturers that an attempt should be made to 
alter these. The most important of these physical properties were the 
rapid sedimentation of the material when suspended in distilled water, 
and the retention of the material in the deep sinuses, owing to its dry- 
ing or caking propensities. At first we attempted to obviate this by 
using a suspending medium which would evenly emulsify the material, 
hut it was found that the oils and greases considerably diminished the 
bactericidal action of the peroxide. Gelatin proved to be a favorable 
suspending medium, but it had the disadvantage of being a good culture 
medium for organisms not affected by the zinc peroxide. The manu- 
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developed continence und some tendency of separation of the rectum 
from the vagina. Radical operative replacement of tlie rectum has 
not been carried out in this child, who is now seven years of age. 

In patients whose vaginal rectal opening is incontinent, radical op- 
erative replacement of the rectal opening to its normal site should be 
attempted. The results are naturally much more satisfactory if the 
sphincter muscles are present at the site of transplantation. 

In a field where no single surgeon’s experience lias been large, it 
may be interesting to briefly consider what surgical procedures -have 
been done. Rizzoli, Pierre, Delbct, and Ivirmisson have all used a 
raquet incision surrounding the bowel opening and continuing back- 
ward in the midline to the coccyx (Pigs. 1 and 2). After separating 
the bowel from the vagina, the rectum was sewed to the skin in its 
new position, and fixe vaginal defect closed. Ombredonnc has pointed 
out the tendency for the newly implanted bowel to retract, so that 
little by little it tends to assume its original position. Consequently 
he advocated the useful principle of transverse incisions at the site 
of the opening of the bowel and its intended site of transplantation 
(Fig. 3). Harvey Stone has recently reported three successful results 
using these principles, and we now record two and add what in our 
hands was a useful step in the operation. Recognizing the great 
tendency for the anterior wall of the transplanted bowel to retract, 
and also having had experience with the very annoying mucous dis- 
charge when the mucosa of the bowel was sutured to the skin, we have 
fashioned skin flaps (Pigs. 4, 5 , and 6), the free ends of which are 
sutured to the mucosa of the transplanted bowel. When the anterior 
wall of the bowel retracts, it pulls with it the skin, and thereby lines 
the anal orifice with skin. If additional skin is necessary to line the 
anal canal, this maj r be done at another sitting, forming the base of 
tlie flaps posteriorly. Using this principle on both of our operative 
cases, our patients have not only gained complete control by normal 
sphincter action, but have an anus lined with skin which affords con- 
siderable comfort to them by avoidance of a constant mucous discharge. 
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J'acl urers suggested the use of a 5 per rent pyrophosphate solution 
properly neutralized with dilute sulphuric acid. This acted as a fnirly 
good suspending medium, but it. frequently caused a burning sensa- 
tion in the wound and occasionally irritated the skin. In order to 
obviate these difficulties the manufacturers finally decided to change 
entirely the method of preparing the zinc peroxide. By the new 
method they obtained a tine white powder which stayed suspended in 
water, and this seemed to obviate flic necessity for using an emulsify - 
ing agent. 


Just at that time another patient (Case 1) came under our care. The 
bones of the pelvis were involved in the process and although it was 
possible gradually to eradicate the disease from the soft parts, the 
infection spread in the bone, and we ultimately lost the case by the 
gradual development of amyloid changes in the viscera and the spread 
of an underlying tuberculosis in the lung. It was noted, however, that 
although the process in the soft parts improved and eventually healed, 
the organism did not undergo the characteristic change from hemolytic 
to green which was seen in the previous cases, and it was felt that at 
times the zinc peroxide had very little effect; that is, there was a 
retrogression in healing in the face of what appeared to be an ade- 
quate application of the drug. We suspected that the material made 
by the new process might not be as potent as the original material, 
but we were assured by the manufacturers that the chemical analysis 
showed that the new preparation had a somewhat higher percentage 
of zinc peroxide than the old. We were assured also that the material 
was very stable and that sterilization did not materially diminish the 
available oxygen. Our studies in the laboratory, however, seemed to 
indicate that the new material was not as effective in vitro against the 
organism as the old material had been, and reports began to come 
to us, from other surgeons to whom the use of zinc peroxide had 
been recommended, that different batches of zinc peroxide behaved 


differently. Some of them seemed to be effective while others seemed 
to be completely inert. This was particularly demonstrated in the case 
of chronic undermining ulcer of the axilla of a year’s duration which 
was under the care of W. J. Merle Scott, of Rochester, who will report 
the case independently in some detail. Suffice it to say, the first mate- 
rial which he received and used resulted in a very striking clinical 
improvement, in the lesion. The lesion responded within a day or two 
after the application of zinc peroxide, but when a second batch of 
material was obtained from the manufacturers, the process of healing 
romptlv stopped, the infection began to spread again, and this spread 
d'd not stop until another effective material was obtained from the 


factory and applied. 

^..jod of uncertainty we lmd the opportunity of treat- 
Burn g I an( j 3) the first of which was characterized 

jng two more cases (Oases - a " 
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tainly would have done if we had been able to continue with the old 
zinc peroxide. Healing proceeded again slowly but steadily in the 
three surviving patients. After a short time another batch of the 
material was sent for trial. We were told that it was prepared in 
exactly the same manner as the effective material we were then using. 
We decided to put this to a clinical test by using it on one-half of the 
wound in Patient No. 6. We soon found that this material did not 
behave at all like the preceding batch. It hardened and made a plaster- 
like cast in the wound which moved with each respiration. This 
caused a superficial erosion of the new epithelium and produced bleed- 
ing from the granulation tissue. After three days' treatment it was 
obvious that this half of the wound was definitely worse, and this 
retrogression of healing proceeded for a period of about ten days, even 
after we had returned to the effective material. There seemed to be 
an inertia of motion which it was difficult- to stop. After a period of 
ten days ’ reapplication of the effective material, which was continuing 
its good work in the other two patients, the third patient's wound 
began to heal again. Prom that time on, the three remaining cases 
made steady and uninterrupted progress toward recovery. 

The DuPont Chemical Company could not explain why the second 
batch had this striking characteristic of hardening. We set about, 
therefore, to study more carefully in the laboratory some of the physi- 
cal properties of the material. When we suspended the effective and 
ineffective batches in distilled water, a striking difference in the man- 
ner of sedimentation was at once appai'ent. The effective material 
sedimented promptly, leaving a clear supernatant fluid, while the inef- 
fective material settled more slowly and left a milky supernatant fluid. 
In the course of an hour bubbles began to appear in the effective mate- 
rial, while none formed in the ineffective material. After standing for 
twenty-four hours, the sediment of the effective material became floc- 
culent and curdy and contained numerous gas bubbles, whereas the 
ineffective material not only remained sedimented but became hard 
and formed a mould of the bottom of the tube. When these suspensions 
were set up in tubes which permitted the measurement of the gas, it 
was found that the effective material produced ten times as much gas 
as the ineffective in the course of twenty-four hours. An analysis of 
the gas indicated that at least 95 per cent of it was oxygen. These 
findings seemed to indicate that the rapid mobility of oxygen might 
he correlated with the effectiveness of clinical application. But still 
wc could not be sure that the same rapid evolution of gas would take 
place under the conditions present in the wound. Wo found that when 
the zinc peroxide was suspended in broth, the evolution of the "as 
was markedly decreased, while it was very active in the presence C of 
saline or ascitic fluid or gelatin. The bactericidal action, however, did 
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of 111 esc were soul to us to tost for potency, and we found almost all 
of them ineflective. Furthermore, we sent, a questionnaire to all of the 
physicians wlio had recently received zinc peroxide from the DuPont 
Chemical Company. Many of these replied Hint they were not favor- 
ably impressed. We finally persuaded the manufacturers that their 
new method was not producin'? effective material and urged them to 
return to the old process. By this time our supply of old material was 
almost exhausted, and we found it necessary to ask them to make 
hastily a new batch by the old process. This material was yellow, 
coarse, and sandy. However, because our supply of the old material 
was completely exhausted, we had to use the new material on the four 
patients under treatment. Within two or three days it was evident 
that the material was not effective. All of the patients showed an 
increased activity of the infection, with an increase of purulent exuda- 
tion and a grayish change in the color of the granulation tissue. The 
new epithelium which had grown in from the margin, as well as the 
skin grafts which had become fused, began to melt, away. 

Case 4 showed a deep invasion in the region of the femoral vein 
which later went on to a suppurative thrombophlebitis, septicemia and 
metastases, and finally pulmonary embolism and death. 

In Case 5 , the wound was almost healed and the patient had been 
promised a discharge from the hospital within a few days, when sud- 
denly a small spot of activity appeared in the middle of the grafted 
area. 

In Case 6, the process, which seemed to have been halted at the ensi- 
form cartilage, burrowed beneath this cartilage over to the opposite 
side and produced an extensive pocket of pus around the fused car- 
tilages of the sixth, seventh, eighth, and ninth ribs. 

In Case 7, the patient suddenly developed erysipelas which spread 
rapidly from the groin down to the foot, and after treatment with 
ultraviolet light, whieli produced a burn, deep abscesses formed in the 
calf and in the external malleolar region above the ankle joint. 

My amazement and discomfiture may well be imagined. We reported 
the catastrophe to the manufacturers and as soon as possible received 
from them another batch which was a finely divided white powder 
similar to the first effective material. They stated that it was the same 
material only more finely ground. This simple change in the physical 
state of the material seemed to make all the difference between an inef- 
fective and an effective product. More damage had been done in a few 
days however, than could he corrected in as many weeks or months. 
One patient was lost, one required an extensive operation, one required 

mim ber of minor operations, and the fourth patient, had to remain m 
‘ Il0S pi t al for two months longer than would have been necessary, 

•f the liealin" process had continued uninterruptedly, as it almost cer- 
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produced by the niicroaerophilic hemolytic streptococcus. Over the lower part of 
the back and sacral region there was a huge ulcer with deeply undermined margins. 
In the right gluteal region the undermining extended down to the posterior surface 
of the thigh where the infection had broken out through the skin in many places, 
forming a ’ 1 cribriform plate ’ 7 of the skin of the posterior thigh almost to the knee, 
with numerous bridges between the openings, some of which were covered with ep- 
ithelium on the deep, as well as on the superficial, surface. The subcutaneous fat 
and fascia had been dissolved away, leaving the muscles exposed. Laterally, the 
undermining extended under the skin into both groins where there were large ulcers 
just above Poupart’s ligament, with subsidiary ulcers nearby and sinuses leading 
down into the pelvis. X-ray films showed an osteomyelitis of the sacrum, as well 
as extensive involvement of the ilia and both sacroiliac joints. Cultures revealed a 
hemolytic streptococcus glowing much more profusely anaerobically than aerobically. 
The ulcerated surfaces were covered with a pale, gelatinous, granulation tissue. 
In the back new skin had grown down from the upper margin and had extended over 
a fairly large portion of the ulcerated surface. Since the child was very sick, a 



Pigr. 1. — (Case 1) Contamination of an abrasion, twenty-five months after onset 
of disease, showing the extensive undermining: of the skin with cribriform openings 
on back of thigh and over sacrum. 


radical procedure was out of the question. She was therefore treated conservatively, 
and an attempt was made to apply the zinc peroxide to all parts of the affected 
surface. The powder was suspended in 5 per cent sodium pyrophosphate solution 
as a thick cream, and the wound was flooded with this material. The wound was then 
packed with gauze soaked in this suspension and covered with vaseline gauze to pre- 
vent evaporation. She began to improve almost at once, but after a period of three 
weeks of conservative treatment it was obvious that there was not adequate contact 
with all parts of the wound surface. The undermined skin margins on the back and 
thigh were therefore excised, leaving a bridge of skin over the lower gluteal region 
and on each flank. A portion of the skin which was removed at this operation was 
chopped up into many fine pieces with a tissue chopper and spread over the surface 
of the wound. Those pieces wore held in place by a single layer of coarse-meplicd 
gauze which was sealed to the margins with collodion. A considerable number of 

those “salt and pepper- grafts “took" and wore the nuclei of numerous islands 
of new epithelium. 
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take place in broth, even though 1 lie evolution of oxygon seemed to 
be minima]. At tin's point, although we did not in any sense feel 
certain that, we had found the explanation for the respective activity 
or inactivity ot the various preparations of zinc peroxide, it seemed 
that we had found a laboratory test which might prognosticate the 
clinical effectiveness of the material. 

At. a conference with the DuPont representatives, we asked them to 
attempt to duplicate the effective preparation. They set about pre- 
paring a duplicate product, but the first batch was not successful. 
The second and the third batches were then prepared, and one of these 
proved to have the desired qualities, both with regard to laboratory 
tests and clinical activity. 

In the meantime three other cases, having the typical clinical char- 
acteristics, and bacteriologic findings of the undermining burrowing 
ulcer, were referred to us. These were treated with material which we 
had found to be effective. The infection came under control and the 
ulcers healed, although there were certain factors in each case which 
delayed the healing in certain portions of the wound. 

During the past year, the DuPont Company has made strenuous 
efforts to standardize this material. Hal Beans, professor of analytical 
chemistry, of Columbia University, and Ilans Clarke, of the Biochem- 
istry Department of the College of Physicians and Surgeons, have 
collaborated in this effort, but the physical chemistry has remained 
obscure. It seems to be a most difficult problem, but the latest re- 
ports indicate that its solution has been found, and that effective 
material w r ill soon be available for all who need it. Our laboratory 
experiences with zinc peroxide will be reported in more detail at a 
later date. 

OUTLINE OF INDIVIDUAL CASES 

Case 1. — L. L., aged seven years. Unit History No. 4177S8. Admitted to Babies 
Hospital June 13, 1934; died Deo. 30, 1934. 

History . — Three years before admission this child sustained a fall, injuring her 
bach and right hip. In the region of the right hip there was a large contusion hut 
no radiographic evidence of fracture. Three months later a swelling developed behind 
the right hip, and an x-ray then indicated the development of a tuberculous process 
of the right hip joint. She was placed in a cast which, in the course of time, pro- 
duced an abrasion of the skin of the right sacroiliac, region where an ulcer developed, 
which gradually increased in size. This was thought to ho a tuberculous ulcer, hut 
bio sy failed to confirm it,. It did not respond to treatment hut continued to enlarge. 
Subcutaneous abscesses developed in the neighborhood, which were opened in various 

. ls ( -j ur ; n g the course of a year, hut the wounds did not heal. She was finally 
l< k home and for the last year had received very little medical attention. Eventu- 
ta,en 1 brought to the Babies Hospital in a condition which is most readily un- 

aUy s > e gtud of fhe photograph which was taken at that time (Fig. 1). The 

derstooc ^ characteristics of a ciironic undermining, burrowing ulcer 
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tissues of the tliigli posterior to the great trochanter. This pocket was opened from 
without and at the same time an attempt was made to remove as much of the diseased 
bone as possible on each side of the sacroiliac joints. Although zinc peroxide was 
immediately applied to the freshly cut bone surfaces, the margin of the excision 
was evidently not sufficient to permit a control of the infection in the bone, for when 
granulations developed they had the same pale unhealthy appearance that had been 
present before. 

In the meantime the tuberculous process in the lung continued to advance, and 
it was evident that we were not going to be able to control either the lesion in the 
bone or the tuberculous process in the lung. We continued to treat her, however, as 
best we could, and gradually the wound in the thigh closed as the epithelium grew 
in from the margins and outward from the grafts. About this time the patient sud- 
denly developed erysipelas, which started from the region of the back and extended 
all the way down the thigh and leg to the foot. This was controlled with ultra- 



L— (Case 2) Contamination of a furuncle or s. lymph gland with portal of 
entry not known, Two years after onset and four days after treatment with zinc 
peroxide had been bep:un. (Through a misunderstanding, admission photograph was 
not taken.) Note the burrowing up into the axilla and the small daughter ulcer above. 


violet light and erysipelas serum, but the infection left her in a very debilitated con- 
dition. A week later she rapidly lost strength and died, six and oue-lmlf months 
after admission. Unfortunately, postmortem examination was denied by the parents, 
l'igs. 2 and (1 show the progress of wound healing. 

Cxsr. 2.— P. 1). Unit History No. 438170. Admitted Dec. S, 1934: discharged 
April 27, 1930. 

History. A negro, thirty-one years old, was referred from the Southampton 
Hospital to the Dermatological Clinic and was admitted to the Medical Department of 
the Presbyterian Hospital under the care of the Dermatological Service, with the 
following history: 

Two .'ears before admission be lind developed an abscess in the left axilla which 
slowly broke down and was opened by Ids local physician. It failed to heal, con- 
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1' oil owing this operation it was possible to pet very much better contact of the 
infected surfaces with the zinc peroxide; granulations took on a healthy red color, 
and new epithelium grew on the margin# as well ns from the skin prafts. In the 
region of (lie sacroiliac joints, however, the pranulalions maintained their pale tin* 
healthy appearance, and in these regions the exudation continued to he profuse. 



Fig-. 2. — (Case I) After partial excision of the undermined skin flaps; the 
muscles are exposed, covered only by granulation tissue. The buttock skin was also 
undermined and had to be incised later. 



-r-,. o mnezo -n Five months after admission. The skin on the thigh had almost 
completely healed, but the infection persisted in the sacroiliac Joints and the contig- 
uous bones. 


„ the wounds in the thigh healed, but the infection burrowed down in the 

• ' f ii, „ n„i,q and resulted in a perforation of the rectum and n contamination 

region o ‘ (] with feca i material. An x-ray study of the pelvis follow- 

of that por 'O peroxide into the sinuses leading down from the groins, 

ihg an injection^ ^ ^ process out through the right sacrosciatic notch into tho 
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tinued to discharge, and during the course of six months it was ianced several times. 
At the end of that time an ulcer began to form, with undermined edges extending 
down the arm and over the chest wall, and with sinuses leading up into the axilla. 
This slowly increased in size and a year after the onset a similar lesion began to 
develop around the anus, which, however, was characterized more by burrowing and 
sinus infection than by extensive ulceration. But the lesion spread up in the gluteal 
fold and forward on each side of the scrotum, then upward into each groin, toward 
the pelvis. Both lesions had steadily increased in extent and had responded to no 
form of general or local treatment. He was treated on the Dermatological Service 
for eleven weeks. Biopsies had failed to reveal any tuberculosis, actinomycosis, or 
other fungi. The Wassermann test was negative; the blood sugar was normal; a 


PiB. 7. — (Case 2) Three weeps after excision and zinc peroxide treatment. 

are clean ond new epithelium has , crown in from the margins. 


■Wounds 



blood count showed anemia and leucoevtosis. Aerobic cultures revealed only Staphylo- 
coccus alhus. A specimen of tissue was injected into a guinea pig which was killed 
six weeks later without any evidence of disease. The Frei test for lymphogranuloma 
inguinale was twice negative. A series of x-ray treatments caused no improvement. 
Nonspecific protein was injected without success. Smears showed no amebas. Azo- 
chlorainide had no effect. Ho was finally given prolonged baths in potassium per- 
manganate. without any improvement. He was then referred to the Surgical Service 
where his condition was recognized as that of chronic undermining ulcer due to the 
mieroaernphilie hemolytic streptococcus. This organism was found in anaerobic 
cultures along with several other organisms, namely, hemolytic Staphylococcus aureus, 
staphylococcus alhus. Streptococcus riridans, and Bacillus proteus. Because of the 
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zfiff. 5. — (Case 2) Autoinoculation. On admission, one vva r after - onset of lesion 
and two years after axillary involvement. Extensive burrowing- and sinus formation 
rather than extensive ulceration were the outstanding- features of this lesion. 


** * 






% 






nfter zinc peroxide treatment was instituted, nxlllarj 
Fig. had flUed"in"and “ew epithelium had covered most of the ulcer. 
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bandaged it. It very soon became red, sore, and swollen. After a few days it was 
opened further and found to be discharging a seropurulent exudate. It failed to 
heal and six weeks later it was incised again and packed with iodoform gauze. The 
infection, however, continued to spread, and two months later a third operation was 
performed. Cultures revealed hemolytic streptococci and other organisms. About 
a month before admission to the hospital he developed several similar small ulcers on 
the inner surface of the left thigh and on the outer surface of the left leg near’the 
ankle, which steadily increased in size and did not respond to any form of treat- 
ment. On admission, the lesion appeared as shown in Figs. 10, 11 and 12. There was 
a dirty, irregular ulcer on the ulnar side of the right hand extending posteriorly t« 
the dorsum, with a large area of undermining beneath rolled-in skin margins. This 



Fig. 8. — (Case 2) One year alter healing, scars soft and pliable, very little limitation 

of function. 

undermining extended also on the palmar surface to a limited degree. The exudate 
had a very foul odor and cultures yielded not only hemolytic streptococcus, which 
grew very much more profusely anaerobically than aerobically, but also showed an 
anaerobic gram-negative bacillus. Cultures from the thigh wound yielded no growth 
aerobically but hemolytic streptococcus anaerobically. Cultures from the leg ulcer 
yielded Staphylococcus a l tins aerobically and hemolytic streptococcus anaerobically. 
It was obvious that wo were dealing with a typical case of chronic undermining ulcer 
duo to the niicroaerophilic streptococcus, and that the? lesions on the thigh and leg 
acre of the same nature, probably produced by autoinoculation. We decided to treat 
the case conservatively with zinc peroxide in the hope of obtaining satisfnctorv con- 
tact with all parts of the infected surface without radical operation. The wound 
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extent of the undermining the potion) was treated radically, with excision of flic sinus 
tracts and the overlying sl;in flaps. The wotmds were dressed with a creamy sus- 
pension of zinc peroxide in distilled water, after which they were all packed open 
with tine-meshed gauze saturated with the zinc peroxide suspension and sealed with 
fine-meshed gauze impregnated with zinc ointment. Improvement was evident 
within a few days. Pink, firm granulations began to develop from the fresh surfaces 
and new skin grew in from the margins. In one or two places, however, where the 
skin tended to roll under, healing was delayed, and from time to time small portions 



„ fCase 2) One year after healing, scars soft and pllnble, very little limitation 

1 *£• 8,1 of function. 


of overhanging or rolled-in skin had to be excised. Nevertheless, the healing process 
continued favorably and steadily, and the patient left the hospital nine weeks after 
the beginning of the zinc peroxide treatment (Pigs. 4 to 9). 


„ L acred fifteen years. Unit History No. 444371. AdmittcdFeb.il, 

on 1935: discharged Mar. 29, 1935, and May 14, 1935. 

:3o, and Apr. — ’ 

• . . mon ths before admission this boy had punctured the ulnar border 
History. lX B , v ; m iow screen wire, which lodged there for a few hours 

his right tan > i nlivsician who dressed Hie punctured wound and 

fore being removed bj » loc:u " - 
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bandaged it. It very soon became red, sore, and swollen. After a few days it was 
opened further and found to be discharging a seropurulent exudate. It failed to 
heal and six weeks later it was incised again and packed with iodoform gauze. The 
infection, however, continued to spread, and two months later a third operation was 
performed. Cultures revealed hemolytic streptococci and other organisms. About 
a month before admission to the hospital he developed several similar small ulcers on 
the inner surface of the left thigh and on the outer surface of the left leg near'Ihe 
ankle, which steadily increased in size and did not respond to any form of treat- 
ment. On admission, the lesion appeared as shown in Figs. 10, 11 and 12. There was 
a dirty, irregular ulcer on the ulnar side of the right hand extending posteriorly t° 
the dorsum, with a large area of undermining beneath rolled-in skin margins. This 



Fig. 0 . — (Case 2) One year after healing, scars soft and pliable, very little limitation 

of function. 


undermining extended also on the palmar surface to a limited degree. The exudate 
had a very foul odor and cultures yielded not only hemolytic streptococcus, which 
grew very much more profusely anaerobically than aerobically, but also showed an 
anaerobic gram-negative bacillus. Cultures from the thigh wound yielded no growth 
aerobically but hemolytic streptococcus anaerobically. Cultures from the leg ulcer 
yielded Staphylococcim alJiux aerobically and hemolytic streptococcus anaerobically. 
It was obvious that we were dealing with a typical case of chronic undermining ulcer 
duo to the microaerophilic streptococcus, and that the lesions on the thigh and leg 
were o the same nature, probably produced by autoinoculation. We decided to treat 
the case conservatively with zinc peroxide in the hope of obtaining satisfactory con- 
ac "i ' n parts of the infected surface without radical operation. The wound 
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a”* t,1P .^ f ° rC flus, ' C(1 W1,, ‘ « ,!rt, » n '.v suspension of zinc peroxide. packed beneath the 
flaps ^,th fine-meshed gauze soaked in zinc peroxide, and the whole dressing covered 
" fine-meshed gauze impregnated with zinc oxide ointment. The foul odor of the 
me i.irges isnppeared at onee, and the gram-negative nnaeroliic bacillus thereafter 
ailed to grow, but the hemolytic, streptococcus did not undergo the expected change 
cin° Atu, to ^reon, and after n week of eonservativo treatment the undermined 
• ps "ore excised. This was done satisfactorily, it was thought, on the hack of the 
, ' ’ . J ','. omised to some degree on the palm in order to avoid extensive 

oss o ^ issue ( Mgs. l.'i and 14). The wound was then treated as before with zinc 
p ■' < e. *o o"ing this treatment granulations appeared somewhat slower than we 
expected and, much to our disappointment, the hemolytic streptococcus persisted in 
nn, lower or, the granulations had grown so as to cover the wound, 



Figs. 10 and 11. — (Case 3) Contamination of small puncture wound. On admission, 
six months after onset of disease, showing: shaggy, gelatinous granulation tissue with 
undermined and rolled-in slun margins. 


we attempted a Thiersch skin graft, but this was completely lost by the collection 
of pus beneath it. The organism was also found to be particularly resistant to the 
bactericidal action of zinc peroxide in the test tube, and we came to the conclusion 
that we were dealing either with an inferior preparation of zinc peroxide or with a 
particularly resistant organism. Although new skin began to grow in from tiie mar- 
gins, it was not uniform, and in three places healing ceased and undermining began 
again. At the same time the lesions on the thigh and foot which had not been excised 
showed evidence of activity, with a graying of the granulation tissue and an under- 
mining of the margins, although several of the smaller lesions healed under the zinc 
peroxide without excision, where apparently contact was more completo. It there- 
fore seemed best to excise the lesion on the thigh and two of the ulcers on the leg. A 
little later the small areas of undermining at the margin of the hand wound were also 
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Pie. 12. — (Case 3) Lesions on lee. Autoinoculation. The undermining is not as 
extensive as in the primary lesion. 
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•mnW:!! nd rn h} '. 0m '' thef ! C Cnmo ,mder control; but only after the most careful 
of fine 'll 1 °-i i 10 ZIIlc poroxidt; by means of small toothpick stvabs and close contact 
of fine silk ribbon soaked in zinc peroxide. The groove on the palmar surface was 



Fig. 15. 



Fig-. 1C. 


Flcs 15 anti 16. — (Case 3) Final healing. Some flexion anti adduction contracture 
but excellent function of the hand. 


the last to heal, but finally the cultures became negative and thereafter the wound 
very prompt!}’ closed. The ulcer on the thigh closed satisfactorily after excision, 
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but one of the leg ulcers was very persistent and required a second excision before 
it finally yielded to treatment. Figs. 15, 16, and 17 illustrate the final state of 
healing. 

Case 4. — S. S., aged seventeen years. Unit History No. 454800. Admitted June 
3, 1935; died Sept. 7, 1935. 

History . — Nine months before admission this girl had scratched her right big toe 
on a board walk. It promptly became swollen and infected, but the process subsided 
completely in a few weeks. One month after the toe injury she felt a pain in her 
right groin, and a swelling appeared. This gradually increased in size and did not 
respond to local applications of heat, but slowly came to the surface and broke in 
several places. A physician then connected the sinus openings and it continued to 
drain. The lesion then spread slowly downward along the inner and anterior aspect 
of the thigh almost to the knee, and was not checked by repeated operative pro- 
cedures during the next six months. She had not been confined to bed for any great 
period of time; but since she ran a moderate fever occasionally, she was confined to 
the house. 



Fig. 17. — (Case 3) Final healing of the leg wound; minimal, flat, soft seals. 


On admission to the Presbyterian Hospital the lesion appeared as illustrated in 
Fig. 18. Below Poupart's ligament there was a large pyriform ulcer with under- 
mined margins extending downward over the anteromedial aspect of the thigh almost 
to the knee. There were numerous small daughter ulcers which had been produced, not 
by undermining from beneath hut by inoculation from without. Because of her 
good general condition the lesion was treated conservatively. By that time we were 
well aware that the zinc peroxide made by the old method was effective and that made 
by the new method was ineffective. IVe therefore used only the old material. The 
wound was dressed with fine-meshed gauze soaked in a creamy suspension of zinc 
peroxide and sealed with fine-meshed gauze impregnated with zinc oxide ointment. 
Many of the small daughter ulcers cleared up at once; granulations took on an active 
red healthy appearance; the undermined margins in many places began to heal, and 
new skin began to grow in from adherent margins. It was obvious, however, after 
two weeks of conservative treatment, that there were pockets which were not being 
adequately reached. These were widely opened, and the lesion was treated radically 
(I ’g. f)- wn t ns operation was done, however, it was seen that the fcmora'l 
lymph glands around the junction of the saphenous and femoral veins were the site 
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of (loop involvement , so tlmt a eomproinise was made here. The more superficial 
glands were removed, lint several of the deep glands, which were not more than 3 or 
4 mm. in size, were left. Following this procedure, healing progressed very satis- 
factorily except, in the region of the femoral glands, where a swelling occurred in 
the remaining nodes and a small sinus persisted downward along the nodes to the 
region of the femoral vein. Also, undermining persisted under the skin of the ab- 



p,„ (Case -1) Lymph gland type. On admission, nine months after onset of 

illness Note the gelatinous granulation tissue in the groin ulcer with undermined, 
rolled-in slcin margins. There are numerous daughter ulcers, probably produced by 
inoculation from without. 

dominal wall, making it difficult to get adequate contact in this region. Skin grafts 
1 however, and took well over the lower two-thirds of the lesion, and 
were app^ie ^ ])p in ,, f , lir way toward healing (Fig. 20). .Tnst at this 

the proc - ^ ^ e g 0C ti V e material was exhausted and a new batch, hastily 

stage, our supp . c <r r nnular, and yellowish in color, was used — not only 

made, which was sand), coai. , g 
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on this patient but also on the three subsequent cases of this series, all of which 
were being treated at the same time. In two or three days it was apparent that the 
region of the femoral glands and femoral vein was taking on renewed activity. 
Granulations became pale, the sinus down beneath the glands enlarged, the exudate 
increased, and the skin beneath the groin became more deeply undermined. Within 
a week, effective material had been obtained, but the damage had been done. The 
glands had become greatly swollen, and it seemed necessary to attempt their removal. 
The patient was therefore subjected to an operation in which the femoral glands were 



.. 1 n‘ ^. C i ls0 , "*1 After six weeks of conservative treatment, the involved area 

was finally excised. Extensive burrowing was found, as well as involvement of the 
Elands over the femoral vessels. 


removed down to the deep fascia; hut in doing so a branch of the femoral vein, 
possibly the stump of the saphenous which had previously been ligated, was opened 
and there was a rush of venous blood from the depths of the wound which could not 
controlled except by packing. Following this operation the patient hail a high 
fever and developed a positive blood culture with the hemolytic streptococcus. Pneu- 
monia supervened with a „ exudation of fluid into the pleura, a culture of which 
howmer, was reported negative. The patient developed a pain in the first left meta- 
carpophalangeal joint which we thought was certain to break down, but which jSu- 
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• .• '^' e . * 10 "°' 0r ) develop ii metastatic abscess in (lie outer surface 

° 10 V IR ‘ f ° R " llldl 11:1,1 10 1,e and the organism was cultured from it. The 

temperature gradually came down and the positive blood culture disappeared, but 
purulent, d.selmrge from the depths of the wound steadily increased. A small catheter 



pm- ->0 (Case 4) Progressive healing of main ulcer. At tills stage the supply 

nf effective zinc peroxide became exhausted. Following the application of ineffective 
material a sinus formed, which extended up into the femoral vein. 


used into the sinus scented to indicate that it was relatively short, but on the in- 
stillation of zinc peroxide the sinus suddenly accepted n fairly large quantity of the 
tcrial Very soon the patient said that she felt queer and went into a shaking 
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chill, with a temporary loss of consciousness. This, however, passed off promptly 
without a corresponding rise in temperature. Since we believed that a large cavity 
had been entered, an x-ray film was taken which showed the shadow of the zinc 
peroxide extending upward along the iliac vessels almost to the midline. It was 
thought that this represented a sinus tract along the vessels, and after considerable 
deliberation it was decided that the only hope of recovery lay in the effectual irriga- 
tion of this tract. The next day, therefore, zinc peroxide was again injected into the 
sinus, but this had no sooner been done than the patient promptly became uncon- 


I lp. 21. (Case 4 ) Autopsy specimen, showing the sinus from the upper part of the 
meet intei Iur directly Into the femoral and thence into the iliac vein. 



scions and stopped breathing. The heart continued to beat for another ten minutes; 

hut m spite of the very prompt application of the pulmotor, the patient did not re- 
spond. 

Autopsy showed that this tract, instead of being along the site of (lie vessels, was 
actually a suppurative phlebitis of the iliac vein (Fig. 21). The injection of zinc 
peroxide had blown oft the upper end of the thrombus so that both the blood (dot and 
the tine peroxide emboli zed into the lung. It is not known, in this case, at just what 
■-"IT'wative iliac thrombophlebitis developed, but it is probable that it ap- 
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peared just before or just after tbo Inst operation, and it seems reasonable to believe 
that this occurred ns a result of the application of ineffective zinc peroxide. 

Case 5. — C. S., aged twenty years. Unit History No. '155711. Admitted Juno 12, 
1935; discharged October 21, 1935. 

History . — Fourteen months before admission the patient had been operated upon 
for a recurrent appendicitis. The wound was closed without drainage, became in- 
fected, was opened, and continued to drain for several weeks. It then began to show 
undermining of the skin edges and gradually developed an extensive ideer which 
steadily increased in size and spread over the right lower quadrant of the abdomen. 



•p,. 22 (Case 5) Infection of wound following abdominal operation (appen- 

' On admission, fourteen months after onset of illness. Note the gelatinous 
nectoruj base, the widely undermined and rollcd-in skin margins, the three 

small and one large daughter ulcers formed by erosion of the skin from beneath, and 
the bridge of skin. 


treated with an infinite variety of antiseptics, both mild and drastic, includ- 
1 . ' , <; 0 j u tion and partial excision was done on occasions; but the process 

fontoucdTn spiteof all forms of local and general treatment. 

1 • a ill for eleven months, the patient was sent to the Mayo Clinic 
After ,eing trentea witll loca l applications of antiseptics without efToct. Tis- 
where 5 , WnS f ‘ tubcrcu!os is were negative; blood Wnssermnnn was negative 
sues examined a tive salvar«an. Eight treatments were used, cystoino was 

even after the provoca ' . p cm bcrton wrote to mo concerning this 

tried, both without effect. At that tune 
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case; he described it and said he thought that it was similar to the ones pre- 
sented in my previous report. On that basis he had used zinc peroxide, but 
although his patient showed improvement, the infection did not come under com- 
plete control. After two months in the Mayo Clinic, the patient returned home 
where she continued to receive conservative treatment with zinc peroxide; and 



Fig. 23.-— -(Case 5) Lateral view of tlie lesion on admission. The skin between the 
main and lateral ulcers was undermined. Contact of the zinc peroxide without ex- 
cision was obviously impossible. 
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although there seemed to bo some healing of the ulcer, the infection spread into 
tho flank and up above the umbilicus. She ran a high temperature, varying from 
101“ to 103° F.; she gradually lost weight., strength, and courage and was Anally 
sent to the Presbyterian Hospital where she arrived in very poor condition. 
Figs. 22 and 23 show tho oxtont of the wound at that time. There was a large 
defect in the skin over the right lower quadrant with rollca-in skin edges which 
wore deeply undermined. One small ulcer had formed by perforation from be- 
neath on the inner margin of tho wound, another on the lower margin, a largo 
daughter ulcer was present in the region of tho anterorsuporior spine, with a 
bridge of skin, completely surrounded by epithelium, between it and (he main 
ulcer. Above the umbilicus there was extensive undermining with threatened 
perforation, and in the flank the undermining had spread and broken out as an 
irregular, roughly circular ulcer, with a considerable amount of adherent suhcn- 



... fCase 5) Lateral view fourteen days after partial skin graft (on lateral 

night davs after the completed skin graft. At this stage the new 
patch* 'of zinc peroxide 'was applied, which proved to be Ineffective. 


slough, but without gangrene of the skin. Since it was apparent that 
tal f ip application of zinc peroxide could reach the infection, it was necessary 
no sur ac 1 comp ] e tely. This was done to the extent illustrated in Fig. 

to excise ^ indurated tissue was excised, exposing the external oblique mils- 
2i ' r tl e region of the umbilicus tho margin of excision was narrow, as was 
cle. In tn t, g ro i n . The wound was immediately flooded with a creamy 
also the case in ^ ox yj c packed with fine-meshod gauze soaked in the same 
suspension o zinc p vaseline gauze. The infection cleared up very 

material, and coier actively from all parts of the wound, and new 

rapidly, granulations spm ^ the margins. In one spot opposite the umbilicus 
skin began to grow in {Q bunw , careful application of zinc peroxide 

where the infection ha b nf(cr t ], e excision a portion of the wound 

controlled the extension. >- - w i,j c h maintained their circulation, and 

was covered with small pinch g ■ 




MELENEY AND JOHNSON 


BURROWING ULCERS 


193 



area. 
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six days lator the remainder of tho wound was covered with grafts (Pig. 25). 
'J'ho healing progressed satisfactorily and preparations were made for the pa- 
tient to go home. Boforc this had been accomplished, however, our supply of 
tho old effective zinc peroxide, which wo had been using, became exhausted and 
tho hastily prepared material, which was coarse and sandy, was used. Almost 
immediately a small spot appeared in the center of the grafted area where the 
organisms burrowed down between tho external and internal oblique muscles, 
and even close application of the zinc poroxido failed to stop tho invasion of 
the organisms which continued even after the application of zinc peroxide which 
we knew to bo effective (Pig. 20). Several local, conservative excisions of this 
area were required before the infection came undor control, but this was finally 
accomplished. Although the organism recovered from this lesion proved rela- 
tively susceptible to the zinc peroxide in the test tube, it was very persistent 
in this region of recurrence, evidently going down into a fascial space and pre- 
venting close contact with tho zinc peroxide. Just before closure, however, tho 
hemolytic organism was completely replaced by the aerobic green streptococcus, 
and soon afterward the wound closed over (Pig. 27). 


Case 6. AT. A., aged thirty-seven years. Unit History No. 45S354. Admitted 
July !), 1935; discharged Nov. 3, 2935. 

Ristory . — Nine months previously the patient had been operated upon for what 
was thought to be chronic cholecystitis. An oblique incision was made in tho 
right upper quadrant and a long, undeseended appendix was found to be the 
cause of his symptoms. This was removed and the abdominal wall was closed 
without drainage. On the tenth day the wound broke open, revealing a deep 
infection, and it continued to drain copiously for a number of weeks. Gradually 
a large ulcer developed, with extensive undermining of the skin margins. The 
patient ran a temperature of 100° to 104° F. All sorts of local and general 
measures were used in an attempt to combat the infection, but it continued to 


spread in spite of everything that was done. He was sent home from the hos- 
pital and was treated by his family physician who communicated with me about 
the case, described the course of events, and stated that lie thought that it cor- 
responded to the cases that I had previously described. I advised tho use of 
zinc peroxide, and I was informed that tho lesion showed prompt improvement 
following its application, but while it seemed to improve in certain areas the 
infection continued to spread in others. Because of this lack of improvement 
I went to Pittsburgh to sec the patient and again concluded that the extent of 
the lesion and tho depth of the undermining prevented adequate contnct with 
tho medicine. I advised an excision of the lesion, which had by that time ex- 


tended upward beneath the costal margin and exposed a portion of the pori- 
cliondrium of tho fused cartilages. The lesion was excised, however, without 
exposing the cartilages, and the operation seemed to be adequate at the time. 
This was followed with very careful applications of zinc peroxide, and the pa- 
tient showed immediate striking improvement; his temperature fell, granulations 
s rang up all over the surface of the wound, and after sixteen days his surgeon 
decided to skin-graft. At that time he stopped tho use of zinc peroxide. Tho 
k' 1 rafts appeared to do well for several days, but after about a week tho 
? * n 5™ a „ a i n became active, the skin grafts melted away, tho temperaturo 
111 CC 1 . skin margins became further undermined. The patient had lost 

rose, an j gincc tho onset of his iilness, he was running a high fevor, 

0n a rfnttraUon was profound. His morale had been completely shattered, 

d he lmd lost all expectation of recovery. 
an 1 „„ tn New York. He arrived in very poor condition; and 

The patient uus 1 yi.e lesion showed the condition illustrated 

he had no recollection of the trip. 
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in Fig. 28. In the right upper quadrant and right flank there was a large ulcer 
with grayish surface granulations and rolled-in skin edges with moderate under- 
mining in several places. There was a large area of costal cartilage exposed and 
an undermining of the subcostal tissues. Likewise, the perichondrial tissues were 
undermined, exposing an eroded cartilage. It was decided to excise again tho 
overlying flaps and the infected margins. In order to avoid infection of the 
ribs in the presence of this extensive involvement of tissue, it was decided to 
cut the cartilage across cleanly near the hone as a temporary measure, with 
the idea of later removing the cartilage after the infection had heen reduced. 
After excision the wound was flooded with a creamy suspension of zinc peroxide 
in water, packed with a fine-meshed gauze soaked in the same material, and 
sealed with vaseline gauze. The wound cleared up rapidly; granulations took 
on a bright red appearance and sprang up from the recently infected areas, and 
new skin began to grow in from the margins. Frequent cultures showed a pro- 



— i < -' ase 6 ) Infection of wound following abdominal operation (undescended 
„PPvnaJx). On admission, nine months after onset of disease. Note the gelatinous 
granulation tissue ; the rolled-in, undermined skin margins : the exposed cartilage of 
the twelfth rih ; and the exposed perichondrium of the fused ribs. 


gressive diminution of the infection, and two weeks after the preceding operation 
all of tho exposed cartilages wore removed from the ribs, leaving the bono 
exposed (Fig. 29). This very promptly granulated without any evidonce of 
invasion of the hone itself. Skin grafts were then applied to the wound in, two 
sittings, and only two or three failed to maintain their nourishment. They soon 
became fused and began to produce new epithelium. In places, however, the 
now skin showed a tendency to erode (Fig. 30). This was thought to bo duo to 
I io mechanical rubbing of the wound by the dressing, resulting from the move- 
ments of respiration. Likewise, on two occasions small hematomas formed in 
he granulation tissue. Just at this time the supply of the old zinc peroxide was 
TWO.; . nn<1 ,h ° nC "'’ ims ‘ i,y P r0 P arcd , sandy, yellowish material was used. 
cn ™ nJ wUh th ° bud c(rccts P roducc(1 in tho two preceding 

-^,10 vour.d showed renewed activity of the infection. Pain developed un- 
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der the left costnl margin, and gradually a swelling appeared in that region. It 
was evident that the infection had undermined the sternum and spread to the 
other side. Although within a week material known to be effective was applied, 
the damage had been done, and it was necessary to remove the cartilage of the 
sixth, seventh, eighth, ninth, and tenth ribs of the left side. "When this had 
been done, the wound responded very nicely; new granulation tissue grew up 
from the recently cut surfaces and from the bone, and healing progressed stead- 
ily (Fig. 31). In the meantime the DuPont Company sent us another batch of 
zinc peroxide which they said had been made in exactly the same manner as the 
preceding batch. Although wo still had a fair quantity of the effective material, 
we felt that we should take the opportunity of comparing it with the new product 
in the same patient. Half of the wound was therefore treated with each prep- 



2 n (Case 6) Seventeen days after admission. The cartilages of the fifth to 

the twelfth ribs have been removed, as well as two undermined areas on the opposite 
skin margin. 


•i ration We soon found that the two batches had very different physical prop- 
‘ U ‘ The new material produced a hard plastcrliko eako in the wound, and 
C ftcr three days of its application to the right side, tlio infection became moro 
a 'in that region. The new skin which had formed began to melt 

active r . in severa l places began to bo undermined, nnd although the 

material was then applied, the retrogression of healing continued for 
effect 1 ' ■ tUe ( , arc f„i application of the effective zinc peroxide, however, 

ten days. - cajne un(k . r control, and from that time the progress of heal- 

the jnfecti g' are;i on t ] lC left was covered with skin grafts which fused 
j„g was steal '. * ^ thc who i c area. Final cpithelizafion, after the or- 

gradually and co' wound, was accelerated by the use of oxyquino- 

g „i,m M WfiS tte Ml M * — I 

line gauze, 
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Fig. 30. (Case 6) Thirty-seven days after admission, twelve davs after first skin 
graft, and five days after second graft. 
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Case 7. — B. If. B., aged twenty-nine years. Unit History No. 4 58459. Ad- 
mitted to hospital July 14, 1935; discharged Octobor 21, 1935. 

History . — Fifteen months before admission and one month after a blister had 
formed on the lower log from the pressure of a brace, the patient developed a 
swelling in the right groin which was thought to be a femoral hernia. It did 
not respond to local applications, and after two or three days it was operated 
upon. It was found to be a swollen lymph gland which was removed, and the 
wound was closed. On the second postoperative day tho wound became painful, 
swollen, and tender, and the patient’s temperature rose to 103° F., following 
chills. When the wound was opened, a purulent exudate was found. Infection 
spread very rapidly in all directions, with a necrosis of the subcutaneous tissues. 



a succeeding days several attempts wore made to halt tho spread of the infcc- 
■ b excising the involved skin. The undermining processes, howovor, con- 
inued spreading toward the groin, toward the vulva, and up under tho inguinal 
mont to the abdomen. Gradually the ulcer enlargod in all directions, the 
hedges became excessively undermined, and the margins rolled in. All kinds 
al and general treatments, including Dakin's solution, boric acid solution, 
1 ° C . transfusions from vaccinated donors, direct autogenous vuc- 

eptone ro , ^ w ; thout effect. The wound was very painful and tho tom- 

ines, etc., w 7 ^g 0 | 0 jq1° f. This condition steadily became worse over 

ieratuie range r0 ™ q,. mn cr Koch saw the case several times in consultation 

P“>» a T '“ "T »' “» “» — 

md suggested t up of chronic undermining ulcers and, at my 

lefinitely to classify it in tue fe v 
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suggestion, Grier began to use zinc peroxide. Up to that time the patient had 
been steadily going downhill, and transfusion seemed to be the only means of 
treatment which was able to halt her rapid loss of strength. Under the zinc 
peroxide, however, she showed prompt improvement. The surface granulations 
took on a healthy appearance, but the progress of the infection was not com- 
pletely checked. Grier found difficulty in applying the zinc peroxide beneath the 
undermined edges, and he found that the material dried and caked in the wound. 
The patient made steady improvement for a period of two months, the under- 
mined skin edges filled in, but several deep sinuses persisted, and in these Tegions 
the infection continued to spread. Several times the zinc peroxide was given up 
and other antiseptics were substituted, but invariably the lesion became worse 



Fie. 33 — (Case 7) Lymph gland type. On admission, fifteen months after the onset 
of the disease. Note the rolled-in, undermined skin margins. 


under such treatment. Finally, a skin graft was attempted, but it was not 
successful. Grier became convinced that the zinc peroxide was the only medica- 
tion that would hold the infection in check, but still tho wound did not clear up. 
I offered to go out and see the patient, approximately seventeen months after tho 
onset of the disease. I found that the zinc peroxide was not reaching the depths 
of the infection and that it had spread across the raons veneris to the opposite 
side, hud undermined the vulva tissues on both sides, and had spread down under 
the thigh in the region of tho antcrosupcrior spine and tho groin. Since it was 
ob\ Sous that a more rndicnl procedure was necessary, the whole lesion was opened 
W ! 1 !' •' ,lnd a11 infected surfaces were left exposed, except for the under- 
mining on the mons veneris. It was decided to make a contralateral incision and 




Figs. 34 and 35.— (Case 7) Forty-five days after admission • tueni,- , 

skin graft. Note the general con motion of the wound, f he enth'/h m enter" ViT 
sinus under tlie gracilis muscle, which appeared soon after the npplfea lon of lneffee 
tive zinc peroxide, but Anally closed wl.en effective material wtis Spoiled w"th?m 
further excision. 
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attempt to get contact beneath the skin flap. Following this operation the pa- 
tient had a very severe reaction, and erysipelas developed, which spread rapidly 
down the thigh. When she had recovered from the erysipelas, she made rapid 
progress: granulations grew up from all parts of the wound surface, the wound 
began to contract, and new epithelium began to grow in from the shin margins. 
On the inner side of the thigh, however, the infection again spread downward, 
and Grier sent the patient on to New York where she was admitted to the 
Presbyterian Hospital. 

At that time the wound had the appearance shown in Pig. 33. There was a 
large granulating area in the right groin which extended up on the abdominal 
wall and down onto the thigh. In certain portions of the margin there was 
very extensive undermining, and the skin, which was rolled in, was in contact 
with the granulation tissue. In other places the skin edges were not undermined, 
and new skin was growing from these adherent margins. There was a subcuta- 



Fie. 3G. — (Case 7) Final Realms’ two and a lialf months after admission. 


neou.s spread, however, on the inner side of the t high beneath the vulva. These 
areas were further opened and the rolled-in skin margins were trimmed off. It 
was then possible to get intimate contact everywhere with a creamy suspension 
of zinc peroxide in distilled water; the wound was packed with tine-meshed gauze 
soaked with the same material, and this was sealed over with tine-meshed gauze 
impregnated with zinc oxide ointment. The granulations promptly became pink 
new skin began to grow in from the margins, and on the twenty-first day after 
admission the whole area was covered with pinch grafts taken from the left 
thigh. These were held in place by a single layer of eoarse-ineshed gauze which 
v.us sealed to the skin margins with collodion. Then compresses of fine-meshed 
gauze soaked in saline were applied and sealed with vaseline gauze. Tim done, 
area was t ressed with zinc peroxide suspension and sealed. After twenty.foiir 
i hits le mi me compresses on the grafted area were removed, the wound was 
om u will u dilute suspension of zinc peroxide and again sealed for twentv 
four bo« Wi at which time aii the grafts had taken on a pink appeal 


202 


SURGERY 


coarse-meshed gauze was then removed and thereafter the wound was dressed in 
the usual way. Healing progressed steadily thereafter; tho grafts promptly fused 
with each other and with the skin margins, and everything seemed very favorable. 
Before complete healing had taken place, however, the old effective zinc peroxide, 
which we had been using, became exhausted and wo applied the hurriedly pre- 
pared, coarse, sandy mixture, which was used in the three preceding cases. "With- 
in a few days there was very evident activity of tho infection; the hemolytic 
streptococcus, which had disappeared, reappeared, and sinuses were apparent 
where tho organism had burrowed during the interval of tho application of the 
noneffective material. One sinus was particularly distressing, as it had burrowed 
down from the surface and made a communication beneath tho gracilis muscle 
(Bigs. 34 and 35). A few days later tho patient suddenly developed chills and 
high fever. Erysipelas appeared at tho lower margin of the wound and extended 
rapidly down the thigh and log to the toes. In my absence, she was given a 
treatment with ultraviolet light, to which she had a very severe reaction, devel- 
oping an extensive burn all over the anterior portion of tho thigh and leg, and 
the posterior surface of tho log. She suffered intense pain and a high fever, and 
was utterly miserable during this time. The wound became edematous and somo 
of the new epithelium dissolved. It gradually subsided on tho thigh, although 
deep sinuses formed in the calf and in the lateral surface of the ankle above 
the malleolus and on 'the dorsum of the foot, which required incision. These 
lesions were treated with zinc peroxide and gradually cleared up. The wound 
healing continued, the sinuses closed, and finally the whole area became covered 
with epithelium (Fig. 30). 


Case 8. — C. B., aged thirty-nine years. Unit History No. 475112. Admitted 
to Presbyterian Hospital Dec. 23, 1935; discharged March 4, 1930. 

History . — A year and a half before admission the patient received a small abra- 
sion on the right forearm, and a few days later developed a gland in the axilla. 
This gradually softened and was opened by his local physician. Pus was released 
but another gland developed, below the first one, on tho chest wall, beneath the 
margin of tho pectoral muscle. Several days later this was also opened and both 
wounds continued to discharge purulent material, showing no tendency to heal. 
Finally the infection began to undermine the skin. The lesion spread forward 
beneath the right breast, upward into the axilla, beneath as well as superficial 
to the pectoral muscle, and likewise downward and backward on tho chest wall. 
The edges became extensively undermined, and infection broke through the doop 
surface of the skin, forming daughter ulcers below and to tho inner side of the 
right breast and up in front of the right shoulder. He was treated with all sorts 
of antiseptics, but nothing seemed to check the infection. He was then sont 
to New York where John Joseph Eller, a dermatologist, mndo a diagnosis of 
syphilis. Although there had been no history of syphilis, tho "Wnssomann was 
Very intensive antisyphilitic treatment caused no improvement in tho lesion, 
and tho Wassermann remained unchanged. 

EUer then referred the patient to mo, and he was admitted to tho Prosbytorian 
H snital when tho condition had roached the stage shown in Fig. 37. On tho 
T* t wall near the axilla there was a large irregular oval ulcor, measuring np- 
cbos . ntelv 6 by 15 cm., with the long diameter trnnsvorsc. This was bridgod 
proximo e y which ’ ran transversely, dividing it into two parts. Below tho 

S S l !r there were three small daughter ulcers which had evidently formed 
mam uic organism from tho surface. There was extreme undermining 


posterhirhy^extending backward about 0 to S cm. 
posteno pectoral muscle, j 


up 


into 


the axilla and under the pectoral 


There was also undermining 
At the inner side of the nipple 
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there was another ulcer with undermined edges which was connected with the 
main ulcer by a sinus beneath the nipple. The margins ,of this daughter ulcer 
were considerably undermined on the inner and. upper sides. In the infra- 
clavicular region there was another daughter ulcer, evidently produced by auto- 
inoculation. This had deep undermined margins but was partially covered by a 
thin, tenuous, weblike veil of thinned-out skin, perforated in several places, 
leaving bridges between the openings; and epithelium grew on the deep as well 
as on the superficial surface. On the anterior part of the shoulder, over the 
pectoral muscle, there was another smaller oval ulcer with undermined margins. 
In several places the skin was rolled under, and in the center of the main ulcer 
there was a deep area of greenish gray granulation tissue extending down be- 
tween two 'of the ribs. The first procedure was to cut off the bridge of skin 
across the ulcer, which permitted a better application of the medication to the 
undermined flaps. We decided to avoid a radical procedure at first because we 



Fig-. 37. — (Case S) Lymph gland type. On admission, eighteen months after the 
onset of the disease. Note the bridge of skin and the daughter ulcerations, some 
tormed from within and others from without. There is extensive undermining up 
over the pectoral muscle and posteriorly, moderate undermining everywhere else. 

were anxious to conserve as much as possible of the skin of the axilla. The zinc 
poroxido, therefore, was applied in a creamy suspension, the wound was packed 
with finc-meshcd gauze soaked with the same material, and this was soaled over 
with fine-meshed gauze impregnated with zinc oxide ointment. Granulations at 
once began to take on a pink healthy appearance; the undermined flaps began 
to seal down and new skin began to grow in from the margins (Figs. 37 nnd 38). 
The weblike skin over the daughter ulcers on the inner side of the breast and 
in the infraclavicular Tegion was trimmed off because tho epithelium had grown 
on tho deep surface, and the skin margins were rolled under. When this had 
been done these ulcers promptly closed. At the end of the fourth week the 
rolled-in skin was also trimmed hack from the margin of the main ulcer, and 
t ic deep portion of the infection which went down between the ribs was com- 
p ctely excised. The undermining in tho axilla steadily filled in without ant- 
ra ica operation m this area. Under the breast a small sinus, through which 
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the medial daughter ulcer communicated with the main ulcer, persisted, hut this 
was not opened because we felt we were getting good contact and hoped that it 
might close following irrigation with zinc peroxide. On the tenth day after 
excision of the margins, the area was covered with skin grafts of the Keverdin 
type. These were held in place with a single layer of coarse-meshed gauze sealed 
to the neighboring skin with collodion, but because of the concavity of the 
axilla and the movement of the arm, it was not possible to maintain contact with 
all of the grafts, and about six out of thirty were lost. The others, however, 



„„ ,r- Twenty-five days after admission. Tlie wound lias cleared up 

I'lf. 3S. — extensive excision, but sinuses persist under the breast ami 

considerably I Tnd crnilnlng persists posteriorly and up toward the pectoral 

down between tlie rios. 
muscle. 


. . e)l 0 ther and with the neighboring skin. The sinuses into the 
soon fused pectoral musclo gradually closed, but the inCrnmmnmary 

axilla and beneat 1 l ^ wog tflCn decided to hasten the closure of this sinus 
sinus persisted (Fig. e; ^ vcrc evidently nooks and crannies which were not 
by opening it wide). ^ a tl|is S ; nlis W ns opened, the granulations soon took 
getting proper contnc ■ woun(J p ega „ to contract, and new skin grew in from 
on a pink appearance, tu ^ o£ trca tment the hemolytic organisms very 

the margins- During e 
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was not opene/: beMniTieTl”™'^ tJ ' e “ ain ulccr > Persisted, but this 

ra ^ ht cl °- following irrigation w i h !- Sett,nff e °° (1 and hoped tiL 

““ f the —Sins, the area ^ . ° n the *««■ *y after 

to the ,r Me hdd iu P lace ,v ith a sinele L / ° f tJie Keverdin 

nt-ilK Tm ” ff Skin With collodion ,,Al coai ~s»*cd gauze sealed 

axilla and the movement of the am, it wo \ ° f tbe ~vity of the 

a “ ° f thG «»** «* about six o“'t of hirt°v “ * C “ " > 

thirty were lost. The others, however, 



considerably ^without* extensfve^xchdoV'but "im!ses i °p er „T ,1 t e 1ms cleared up 

down between the ribs. Undermining nersisls 

soon fused with each other and with the neighboring skin. The ■ 
axilla and beneath the pectoral muscle gradually closed, but ,he i" T''* ‘ n '° tll,! 
sinus persisted (Fig. 30). It was then decided to hasten the elosu rr'r^tfr ".' n ™ 
by opening it widely. There were evidently nooks and crannies whieh w'"* lm, ' S 
gotting proper contact. When this sinus was opened, the granulations so'm^'h 
on a pink nppearanee, the wound began to contract, and new skin grew in f ° 
the margins. During the course of treatment the hemolytic organisms vvrv 
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promptly disappeared from tliose portions of the wound which were getting the 
best contact with the medication, and were replaced by green aerobic strepto- 
cocci. For a considerable time, however, the hemolytic organism persisted in 
the sinus under the breast and in the central depression betweon the ribs. "When 
these were opened widely, application was more effective, and healing finally 
took place. One of the small daughter ulcers on the chest wall, which wc thought 
had formed by inoculation from without and which showed no deep connection 
with the main ulcer, persisted after all the rest of the wound had hoaled, and 
the cultures remained positive until it was completely excised. Within three 
days after this excision the culture became negative, and the wound rapidly 
closed (Fig. 40). 


Case 9. — G. R., aged eighteen years. Unit History No. 4G7S41. Admitted to 
Presbyterian Hospital October 20, 1935; discharged August 4, 1936. 

History . — Sixteen months before admission this boy fell from a bicycle and 
abraded the outer side of his left knee. Although it was superficial, the wound 
became infected. In spite of the application of various antiseptics while under 
the care of several doctors, the wound showed no sign of healing for a period of 
two months. Then three small lesions appeared in the neighborhood of the cen- 
tral ulcer. Ultraviolet light was then applied, and there seemed to be an effort 
toward wound healing. The small lesions persisted, however, and some weeks 
after that a physician probed them and found extensive undermining. Jferthio- 
late, mercurochrome, Dakin’s solution, bacteriophage, and balsam of Peru were 
applied again and again, without effect. At times there seemed to be some heal- 
ing, but the lesion slowly and relentlessly spread. One day the wound was 
accidentally hit with a tennis racket, and the infection immediately took on 
renewed activity. Another surgeon was called in who decided to incise the 
lesion. After removing some of the deeply infected tissues, he sutured the skin 


together. This very promptly broke down, and the lesion took on a much more 
active spread; the leg began to swell, and the glands of the groin became en- 
larged. The infectiou spread across to the inner side of the knee. Tlio patient 
was taken into the University Hospital in Chicago, where further incisions were 
made. Boric acid and Dakin’s solution wore used locally and ultraviolet light 
as well. The leg became steadily worse, the tissues sloughed away, and the 


ulceration spread upward over the anterior surfaco of the thigh. He was then 
treated by a succession of doctors, each of them trying something new. Potas- 
sium permanganate was used for three weeks, without result. Serum and tin were 
tried for six weeks more, without result. The original family physician then 
took over the case again and applied silver nitrate, Dakin 's solution, nnti- 
hlogistinc, icktliyol, mercurochrome ointment, boric acid, and potassium perman- 
ganate, in order,, all without avail. 

During tho treatment the ulcer steadily progressed and daughter ulcers formed 
foration of the skin from beneath, but in places the wound showed ovi- 
f ’" of haling. A culture from the wound was reported negative. Tho pa- 
denee ^ ^ sCI)t f 0 phemister, who advised tho discontinuance of all local 

tient was ^ tQ i,’] or j f l a , and advised him to leave tho wound exposed to 

treatmon , . patient carried out this treatment, but tho infection steadily 

the suns nne. s p ina u v taken to the hospital whore local treatment with 

progressed, an ' ^ again used. Several new ulcers formed during this time 

various antiseptics jjmitcd operations were performed in an effort to 

and a number o r p0( * c t s . Dakin’s solution, potassium pcrrnnn- 

open up some o ^ ^ mngnc? i nm sulphate, and boric acid were all tried, 
ganate, sihcr m Owens of Miami Beach, who was in charge of the case, 


At that stage 


communicated with me. 


He reviewed the history and described the lesion. Be- 
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the margin there was moderate undermining of the skin; in other places, new 
skin was growing out from tho margin over the granulation tissue. Below the 
■patella there were three sinuses which communicated with one another and en- 
tered into the infrapatellar bursa. On the outer side of the thigh there was n 
long deep groove between the biceps muscle and the bone where the infection 
had burrowed deeply. There was also an extensive burrowing upward posteriorly 
froin the upper limit of the ulcer, with a large area of indurated tissue beneath 
the skin. An x-ray film revealed no involvement of the hone or the joint. It 
was evident that there were portions of the lesion which would require excision, 
but because of the patient ’s poor condition, it was decided to be conservative 
for a time. The whole area was flooded with a creamy suspension of zinc, 
peroxide in distilled water. Fine-meshed gauze soaked in the same material was 
laid over the surface and packed under the overhanging margins, and the whole 
area was then sealed with fine-meshed gauze impregnated with zinc oxide oint- 
ment. On several occasions large hematomas formed in the superficial layers of 



(Case 0) Fifteen days after admission, six days after the first skin graft 

„ „ f rf-irtial excision of undermined margins. Note the oval area over the femur 

where a. large superficial hematoma had been lifted off the granulatfon tissue. The 
infrapatellar pouch was partly opened by cutting halfway across the patellar tendon. 
We temporized with the undermining in the popliteal region because of tlie obvious 

danger. 


the granulation tissue; these were thought to lie caused by rubbing bid wore 
1 bablv due to a spontaneous bursting of new blood vessels. They did not 
l- r °: g r j mls trouble, for they could he lifted off without great diimnge (o the 
cause s t;<su(> . On the ninth day six undermined areas were excised, and 
under ying • , opened by cutting halfway across the patellar tendon, 

the infrapatellar IniT i ‘ » I ^ ^ ^ hut permitted ready access to it. 

This did no , om j anterior portion of the wound, except for the recently 
At the saute two hundred small skin grafts. These 

exposed areas, v.. . ^ s - 1( , ] aver n f ar.-e-meshed gauze sealed to the skin 

were held iu P IU 0 ’• ' compresses were applied to the surface am! covered 

margin with collodion. On the day after the operation a 

Tvith vaseline gauze 1 applied to the grafted area, and on the next 

thin suspension of zinc per 
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infection by this limited procedure, we felt that the only chance of saving the 
leg was to attempt to get contact with the infection in this way. Granulations 
grew up rapidly, and the cultures indicated a rapid diminution in the number of 
organisms. The space between the peroneal nerve and the biceps muscle filled 
in partly, but sinuses persisted beneath them. Although the front and inner sides 
were well healed, on the posterior surface healing came to a standstill, but the 
amount of drainage was minimal (Figs. 46 and 47). 

The culture continued to show the hemolytic streptococcus and Bacillus pyo- 
cyan enis. On a number of occasions we considered a radical procedure, but then 
we would be encouraged by a diminution in discharge and the closure of one of 
the sinus openings. After a sinus had remained closed for two or three days, the 
Tegion about it would swell, become painful, and have to be oponed. A small 
sinus appeared medial to the internal popliteal nerve, indicating activity of the 
infection in that region (Fig. 48). This sinus closed on several occasions hut 
opened again, and so it went on for six months, while we hoped agninst hopo 



45 (Case 9) Three months after admission. Finally a "conservative radical" 

oDeration was performed in which we attempted to lay open the popliteal space, as 
svell as the space beneath the biceps muscle, wide enough for complete contact with 
the medication. The peroneal nerve surrounded by prramilation tissue was also under- 
mined It may be seen at the lower end of the wound. 


that the infection would finally come under control. Wo realized tlmt tho poplit- 
eal lymph glands were probably involved and we shrnnlt from tho consequences 
of a radical procedure. 

At tho end of that time, however, it was ovident that we would have to make 
effort. The popliteal space was opened, the popliteal nrtory was found to be 
t . infected tissue which extended down for a short disinneo between 

^"Tllics of the gastrocnemius muscle. Even though tho cavity was opened 
-a i! dressing were excruciatingly painful, and it seemed to bo impossible to 
widely, b overj . portion of the deep surface. After threo or four dnys 

get contac Wce a and five hemorrhages occurred beforo wo wero certain 

the wound began ’ ^ blown out. This of course necessitated amputation, 

that tho poplitca nr r - . tion 0 f the middle and lower thirds through tho nnte- 

which was done at i J areas. Cultures at tho site of amputation wore 

rior and lateral graf c ^ t j ltco days Bacillus pyocyancus appeared. Tins 

negative at first, but alter 
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Case 10.— L. G., aged thirty years. Office patient, first seen Dec. 24, 1.033; 
discharged on May 5, 1936. 

History. This patient came to the office complaining of an ulcer of the right 
buttock which had persisted for fifteen months. The lesion, which started as a 
small pimple, had developed into a boil and had gradually increased in size. It 
had broken and discharged pus for several weeks before it began to take on the 
appearance of an ulcer, which gradually increased in size until it was about 
3 cm. in diameter, with undermined edges. It was excised by his local physician, 
and the wound closed with suture, but this broke down and tho infection con- 
tinued to spread. Three months later, a more radical operation was done, and 
the wound was left open. It then began to heal, but healing soon ceased, and 
for a period of four or five months it remained relatively inert. During this time 
all sorts of antiseptics were used, and the patient received a great many treat- 
ments with the carbon arc lamp. The Wassermann test was negative, the Frei 
test was negative, and the biopsy of tissue showed no evidence of tuberculosis 
or malignancy. 



.(C (Case 9) Elnlit months after first admission. Wound all honied except 

fm- oinusrs under the biceps muscle and peroneal nerve and into the popliteal space, 
it had remained in status quo for three months, then tho exudate gradually increased 
m Smnunt and a wider dissection of the popliteal space was decided upon. This was 
followed in ten days by hemorrhage from the popliteal artery, necessitating amputa- 
tion. 


When the patient came to me. the lesion appeared as shown in Fig. -19. There 
was an oval transverse ulcer on the right buttock, with undermined rolled-in 
edges and three small perforations in the skin, coming up from the undermined 
skin flaps. The ulcer measured approximately !•/. cm. in width ami 13 cm. in 
length Near the inner end was a small daughter ulcer, evidently not connected 
with the first but similar in character, with undermining of the shin for a dis- 
, , ,, ..... „ r m nre. The cultures yielded a hemolytic streptococcus which 
tnnee anaerobically than aerobically. The lesion fitted in with the char- 

0 f" t ], e chronic", undermining, burrowing ulcer, but because of the rein- 
nctcnsti - thc 1csion it wns decided to attempt ambulatory treatment, 

tive Innit. . a ^.^uy suspend inn, nml the iimfr*rinim*il inn r^ins 

Zinc peroxide uasupp ><•' impregnated with the same material and “ruled 

-re packed with fine ^ nhbo„ imp ^ fapr#i 'oninnj fit ot\c(\ Tii#* nmJor* 

over with vaseline gauze. The pam - 
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mined skin edges sealed down in certain places, but in others the edges curled 
under so that the epithelium was in contact with granulation tissue. The mar- 
gins were therefore cut back so as to expose the deeper portions of the wound. 
It was difficult to maintain contact when he was up and walking about, and the 
erect position tended to turn in the skin margins still more, so that healing was 
slow. He was treated at home by his wife, with occasional visits by tlio familv 
physician, and he was seen in my office once a week. Healing was rapid when 
good contact was obtained, but slowed down when the margins rolled in. It was 
necessary on four occasions to cut back these rolled-in skin margins, hut healing 
progressed steadily, and finally, after four months of ambulatory treatment, the 
lesion healed (Fig. 50). 


SPECIAL FEATURES OF EACH OF THESE CASES WHICH ILLUSTRATE 
CERTAIN POSSIBILITIES OF THIS DISEASE 


In Case 1, the proximit) r of the sacroiliac joints and the ilia to the 
original ulcer rendered them particularly susceptible to the invasion 
of this organism. It is probable that the organism came from the 
patient’s own intestinal tract and was rubbed in by the chafing of the 
plaster east. The soft parts responded slowly but, on the whole, sat- 
isfactorily to the medication, but the hone, which could not be radi- 
cally removed, remained infected. It is quite probable that the zinc 
peroxide used on this patient was not as effective as it should have 
been. On the other hand, the extensive ramifications of the sinuses 
in the pelvis may have kept certain portions of the sinuses completely 
out of reach of the medicine. After the disease had been going on for 
approximately two years and a half, there was evidence of amyloid 
degeneration of the internal organs, but the spread of tuberculosis of 
the lungs was largely responsible for the patient’s death. The ery- 
sipelas was also a potent factor at the end. 


Case 2 illustrates the invasion of an accidental wound by the causa- 
tive organism. It was accompanied in this case by another anaerobic 
bacterium which gave the foul odor. This case illustrates also the 
autoinoeulation of the organism into distant areas of the skin, prob- 
ably by tlie patient’s hands. The undermining of the back of the 
hand was much more extensive than on the palm, fortunately, and it 
is possible that the dense mass of the skin of the palm resisted the 
spread in this direction. It is certain that this case was not treaterl 
continuously with effective zinc peroxide. It illustrates how the organ- 
ic can dig in even in the presence of what seems to be close contact 
with the medicine and demonstrates also the importance of watching 
tinnmislv during the course of treatment for such areas of activity. 
Stey SeattKv must be given special attention and should be 

excised before the} 8 - ^ transfcr of the. infection from one 

Cas e 3 dUisra - another. Fortunately, in the axilla the 

part of the bod) suriace 
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invasion did not proceed deeply during the course of two years. In 
the perineal region, however, there were deep sinuses rather than 
extensive ulcers. This may have been due to the thickness of the skin 
in these regions. When these sinuses were opened so that close contact 
with the medication could be assured, they responded favorably. It 
also demonstrated that it does not save time to temporize with any 
area however small, where the epithelium has grown beneath a skin 
flap and lies in contact with granulation tissue. During the healing 
process this patient developed an irritation of the skin over the hairy 
portion of the pubis due to an infection of the hair follicles by an 
accompanying staphylococcus. 

Case 4 illustrates the development of multiple daughter ulcers in the 
neighborhood of the main ulcer by inoculation from without. It illus- 
trates also the extreme danger that exists in cases in which the femoral 
glands are involved, because of the proximity of the femoral and 
saphenous veins which may become infected. This case seemed to be 
under complete control until an ineffective batch of zinc peroxide was 
used; the infection then spread in the region of the femoral glands, 
into the deeper tissues, and eventually into the femoral vein, produc- 
ing a suppurative thrombophlebitis. This is the only ease in the series 
in which the organism was recovered from the blood and produced 
metastatic lesions. After every operative manipulation there was a 
sharp fever reaction lasting for several days, and it is quite possible 
that at such times the organisms might have been recovered if repeated 
blood cultures had been taken. When a vein becomes thrombosed and 
an infection invades the clot, it would seem that nothing can stop the 
spread of the infection except possibly a complete excision of the 
involved vein, with the probability of an extension further into some 
of its ramifications even after excision. It was too hazardous to 
attempt it in this ease. 


Case 5 illustrates the necessity for wide excision if contact with all 
of the infected surfaces cannot be obtained conservatively. It also 
illustrates that the infection can spread down between the muscle 
layers and resist eradication for a considerable length of time, even 
with an efficient material. It is quite possible that the frequent at- 
tempts at conservative excision did more harm than good ; once it is 
decided to excise, the procedure should be fairly radical, particularly 

when the infection is spreading down between muscles along fascial 
planes. 

Case 6 particularly illustrates the necessity for complete removal of 
m cctei cartilage, and it demonstrates that bone can resist the invasion 
o ic organisms if the infection is reduced to a minimum at the "time 

‘”2°"' ‘ S C * P ° S "' 10 «» This patient was left w"h 

immanent defect than any of the others because of the loss 
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of the cartilaginous support of the lower part of the sternum and the 
fused costal cartilages. It also illustrates the fact, that wounds tend 
to heal slowly if they are constantly moving, and dressings which are 
sufficiently firm to rub on the surface may erode tender epithelium. 
It also demonstrates what is frequently seen in untreated cases, namely, 
that the destruction of tissue in periods of activity of the infection 
may proceed infinitely more rapidly than the process of re pair, and 
that there is a certain momentum given to the spread of the infection 
which is difficult to halt even with the application of effective zinc 
peroxide. This may indicate that at such times the organisms pene- 
trate fairh- deeply beneath the surface of the ulcer and are temporarily 
out of reach. 


Case 7 illustrates the fact, as does Case 1, that erysipelas may start 
and spread from a wound of this type at any time, just as it may 
from any hemolytic streptococcus infection, and it may recur. In this 
case infection was in the region of the femoral lymph glands just as 
it was in Case 4, but fortunately the deep veins did not become in- 
volved. There was, however, a tunnel under the gracilis muscle which 
cleared up by careful application of the medication to the sinus, with- 
out radical opening. This should always be tried for a time before a 
radical procedure is done, which will he mutilativc. 

Case 8 illustrates the fact that daughter ulcers may be produced 
either by inoculation of the bacteria from the surface or by under- 
mining beneath the skin. It also shows that the skin can be partially 
destroyed from beneath but maintain its circulation, and that bridges 
can be formed with epithelium growing completely around them. Such 
bridges or skin tabs ought to be removed, for although healing may 
take place beneath them, it does so slowly, leaving a skin defect which 
is objectionable. It also illustrates that by persistent care certain 
deep tunnels may heal without a radical opening, but that this healing 
is slow, and if a sinus can be opened without too great mutilation of 
tissues, it will save time in the end to open it early. 


Case 9 illustrates how an infection may spread from a trivial abra- 
sion and. in spite of all of the usual methods of surgical treatment, 
burrow deeply into the subcutaneous tissues and work its way down 
beneath muscles and involve neighboring lymphatic tissues for a long 
• 1 of time. The infection in this ease burrowed into the infra- 
^tefiar bursa but spared the knee joint and the bone. It invaded the 
P< ‘ , rrjands, surrounded the popliteal artery and popliteal nerves, 
P ° P i!«-uv perforated the artery but spared the veins. Just when the 
fln . '• the lymph glands of the popliteal space is uncertain, 

infectio radical dissection of the popliteal space in the early 

j ; , 1 ,!.' ,]«!« '>»" ™ T " 1 "• 
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think that it would have resulted, as it did eventually, in a hemor- 
rhage which would have required disarticulation of the hip joint, with 
a possible spread up into the pelvic vessels. 

The case illustrates the absolute necessity for actual contact with 
the medication with every part of the infection and the difficulty of 
controlling the infection in regions where there are lymph glands 
which have become involved. This case also illustrates the formation 
of hematomas in the surface layers of granulation tissue and the per- 
sistence of Bacillus pyocyaneus in the lesion without its being a very 
important factor in the delay in wound healing. 

Case 10 illustrates that this infection may be of low grade and may 
go on for a long period of time without spreading extensively, but it 
is characterized by persistency, and its tendency to burrow under the 
skin causes not only a rolling under of the skin edges, but also mul- 
tiple perforations of the skin from beneath. I believe that this case 
was held in check by the large amount of ultraviolet light therapy. 
This may be due to the fact that the ultraviolet light forms peroxides 
in the tissue which inhibit, if they do not actually destroy, the 
organisms. 

This ease illustrates that certain of these lesions can be controlled 
under ambulators’ treatment if the circumstances require it, but it 
undoubtedly would have been better to have taken the patient into 
the hospital where the excision could have been more complete and 
application with zinc peroxide more satisfactory. 


SUMMARY AND CONCLUSIONS 


Prom these cases we may form a composite picture of this disease. 
It is a chronic infectious process which may occur at any age, in either 
sex, and on any part of the body surface. It is caused by the invasion 
of a mieroaeropliilic hemolytic streptococcus which may enter the tis- 
sues either through an accidental wound or through an operative 
wound ; or it may invade a lymph gland from a distant source and 
not produce the lesion at the portal of entry but only after a period 
of activity within the gland. The lesion is characterized by prolonged 
suppuration, with the gradual development of an ulcer with under- 
mined, volied-in skin margins, and sinuses which tend to burrow be- 


neath the skin or into the deeper tissues along lymphatic channels, 
veins, or fascial planes. The ulcer gradually, but almost irresistibly, 
enlarges. The base is covered with grayish, gelatinous, anemic, shaggy 
granulations. Hematomas occasionally form spontaneously in the 
superficial layers of the granulation tissue. The infection frequently 
produces daughter ulcers by a perforation of tl.e skin from beneath 
or by the secondary inoculation of the skin from the surface. If a 
perforatum occurs from within, the daughter ulcer gradually enlarges 
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and may fuse until the main ulcer or leave a bridge between them, 
which may become completely surrounded by epithelium on the deep, 
as well as on the superficial, surface. There is usually a moderate 
fever and moderate pain in the wound. At times, the temperature 
may reach 103° F. every day for a period of days, but usually it re- 
mains at a lower level. In some eases in which the threshold for 
sensitivity is low, pain may be intense, and after prolonged illness 
completely shatter the patient’s morale. The infection rarely involves 
muscle or bone; but when it invades bone, it is almost impossible to 
eradicate it. The organism rarely invades the blood stream, but occa- 
sionally it may be recovered from the blood; and in such eases may 
produce metastatic foci in other parts of the body. The infection 
rarely invades the blood vessels, but in long-standing cases it may do 
so, producing thrombi in them or eroding their walls, causing severe , 
or fatal hemorrhage. In long-standing cases amyloid degeneration of 
the liver, spleen, and kidneys, may develop. The condition, fortu- 
nately, is rare. For this reason, however, it is usually not recognized 
by any surgeon who sees the case for the first time, and he is likely 
to treat it as an ordinary infection until its failure to heal makes him 
realize that he is dealing with an unusual condition. Even then he is 
not able to make a diagnosis or find out how to treat it successfully 
because of the meagerness of the literature on this subject. Cases go 
on for months or years until there is extensive destruction of skin, 
or a deep penetration resulting in fatal hemorrhage, or the gradual 
disintegration resulting from amyloid degeneration. Its early diag- 
nosis is therefore of the greatest importance, and this depends not only 
upon the recognition of the characteristic features of the disease, but 
also on the early employment of anaerobic methods of cultivation of 
the bacteria in the wound. In the early stages of the infection the 
organism is frequently missed because only aerobic cultures have been 
made and it. is essential that the exudate be planted directly on solid 
media under anaerobic, as well as aerobic, conditions. It will then 
be found that the hemolytic streptococcus is uniformly present on the 
anaerobic plates, and when equal quantities are cultivated aerobically 
and anaerobically, although a few colonics may be found on the 
aerobic plates, especially in long-standing eases, it will always be 
found to grow better anaerobically than aerobically. Jf colonics from 
the anaerobic plate are transferred again to plates under both ana- 
•obic and aerobic conditions, certain of those colonics will grow only 


anaerobically. . „ 

ould seem to be of the utmost importance, for the recognition 
1 1 scs to have available bacferiologic laboratories, equipped 

of these ca > . j . This applies not only to this disease but 

to ^-"- chr -ic and acute surgical infections. It would 
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be well if the American College of Surgeons would require Class A 
hospitals to he prepared to do adequate anaerobic bacteriology. 

With regard to treatment, every conceivable kind of antiseptic has 
been used in these cases, without effect. The ingenuity of a great 
many doctors has been taxed to the utmost in an effort to find some 
antiseptic which will be effective, but almost all of the antiseptics 
which have been used have had only temporary effect, and the infec- 
tion has continued to spread in spite of very careful application of these 
medicaments. There is some evidence that ultraviolet light has a 
favorable action in these lesions, for in one case a spontaneous cure 
was, obtained after many months by this method. A number of eases 
have apparently been benefited and have healed following the use of 
maggot therapy, 3 ’ 4 but in one of our cases in which this was tried, 
it had no appreciable beneficial result, and the maggots nearly drove 
the patient wild by their activity.* 

We have demonstrated again and again, however, that the careful 
application of zinc peroxide will almost invariably effectively halt the 
spread of this infection. There are certain essential conditions for the 
success of this treatment. First, the zinc peroxide must be an effective 
preparation. In other words, it must have certain physical properties 
which will provide the necessary environment to inhibit or destroy 
the causative organisms. These physical properties may be determined 
by a simple laboratory test. Zinc peroxide is a finely divided white 
powder having the consistency of chalk or talcum. It must be heated at 
130° to 140° C. for one to four hours to sterilize it and mobilize the 
oxygen. When it is suspended in ten parts by weight of distilled water 
it sediments rapidly, leaving a clear supernatant fluid. In the course 
of an hour bubbles of oxygen begin to form in the sediment, which after 
twenty-four hours becomes floceulent and curdy with the evolution of a 
considerable quantity of oxygen gas. Five grams in 50 c.c. of distilled 
water should liberate 10 to 20 c.c. of oxygen in twenty-four hours. Fur- 
ther confirmation of the effectiveness of the preparation may be had 
by determining the amount of soluble oxygen produced in the super- 
natant fluid and by testing the antiseptic powers of the suspension 
against- the organism which has been recovered from the lesion in any 
given case. 

The next requirement for the successful use of zinc peroxide is that 
every part of the infected surface must be made available for contact 
with this medicine. If this is not possible without operation, under- 
mined flaps and sinuses should be widely opened and all of the in- 
fected^ surfaces should be flooded with a creamy suspension of the 


nmVr' ivo'lmvl come undcr observation since submission of this 

principle m.lpl onmn Lie , d> ~, prontons ‘! [or Its active 

cannot lie . I " m,cu,nr,y »» 
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powder in distilled water, using approximately equal parts of water 
and powder. This should not be put on in tlie form of a paste but in 
the form of a thick cream, which is able to run to all parts of the 
wound. The wound should then he packed with fine-meslied gauze or 
silk ribbon soaked in the same material and sealed with vaseline or 
zinc oxide gauze to prevent evaporation, drying, crumbling, or caking. 
This dressing should be removed, the old material and exudate thor- 
oughly washed off with distilled water or saline, and a fresh dressing 
applied every twenty-four hours. As soon as the undermined flaps 
have sealed down and new skin has begun to grow in from the mar- 
gins, the ulcer may be covered with skin grafts of the Keverdin type. 
These should be held in place with a single layer of coarse-meshed 
gauze, sealed to the skin margins with collodion, then a dressing of 
fine-meshed gauze soaked in saline should be applied and sealed over 
with vaseline gauze to prevent evaporation. After twenty-four hours 
the saline compresses should be removed, and a thin suspension of zinc 
peroxide should be applied over the coarse-meshed gauze arid sealed 
in turn with an impermeable covering. Forty-eight hours after the 
skin graft, the coarse-meshed gauze may be carefully removed, leaving 
the grafts well supplied with blood. These should all be pink and 
firmly adherent at that time. Thereafter the grafted area may be 
flooded daily in the same way as the rest of the wound, with a creamy 
suspension of zinc peroxide. 

If possible, frequent cultures should be taken of various parts of the 
wound to indicate the presence or absence of the infecting organism. 
Although clinical evidence of diminished activity is readily recognized, 
the cultures not only confirm the clinical manifestations but also very 
often precede them. Under the zinc peroxide treatment, if contact is 
obtained with every part of the wound surface, the organism rapidly 
loses its anaerobic predilections, grows ns readily aerobically ns ana- 


erobically, and very soon loses its hemolytic property on blood agar 
plates, the colonies taking on a green tinge. Eventually these green 
progeny of the original organism become permanently green, and al- 
though' they may resist the bactericidal action of zinc peroxide in the 
test tube the wound continues to heal in their presence. The surgeon 
in charge of the case must be constantly on the lookout for any evi- 
dence of reactivity due to failure to obtain contact with some small 
• • a difficult to reach. Careful application of the zinc peroxide in such 
1UCa 0 ] )V iate the formation of an active focus, but there is always 
areas ^ thcse f orm ing until the area is completely covered villi 

a possi occasionally* such areas of reactivity have to he rad i- 

opittolunn, an «c«„on» ^ ^ ^ 

taraolrtTc ‘organisms have completely cfeWnral «" d * l “ mr: " cr ” 
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flat, final epithelialization of tlie wound may he hastened by the ap- 
plication of an ointment containing 2 per cent oxy quinoline in 5 per 
cent scarlet red. 

This disease should not be confused as Holman 3 has done with the gan- 
grenous type of chronic ulceration which we have previously described in 
several papers. 5 ' 7 That disease is caused by the synergistic action of a 
nonhemolytic mieroaeropliilic streptococcus which may be found in pure 
culture in the spreading margin of the lesion, and a Staphylococcus 
aureus which is associated with it in the gangrenous zone which is al- 
ways present around a part or all of the periphery of the ulcer. That 
lesion is more superficial. There is no undermining of the skin mar- 
gins and no sinus formation. The zone of gangrene is surrounded by 
a raised purple zone, and this in turn by a brilliant zone of erythema. 

We have presented herewith ten cases of chronic, undermining, bur- 
rowing ulcer caused by a mieroaeropliilic, hemolytic streptococcus, and 
from these eases have presented a composite picture of this disease. 
We have outlined the method of treatment with zinc peroxide, which 
seems to be the only effective method yet devised for stopping the 
infection and initiating rapid healing of these ulcers. We have em- 
phasized the importance not only of using a preparation of this 
chemical, which has certain necessary physical properties which can 
be tested in any laboratory, but also the necessity for meticulous cai’e 
in the correct application of the medication, and we have indicated 
other steps in the technic which favor the eventual healing of the 
wound. An urgent plea is made for the early recognition of these 
eases and also for the establishment of adequate facilities in every 
hospital for anaerobic bacteriologic service. 
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COMPLETE COMPOUND COMMINUTED FRACTURE- 
DISLOCATION OF THE ASTRAGALUS 


H. Earle Conwell, M.D., F.A.C.S., Birmingham, Ala., 
Rufus Henry Alldredge, M.D., New York, N. Y. 


r ' 1 OMPLETE dislocation, simple or compound, of the astragalus is a 
rare injury. A compound comminuted fracture-dislocation of this 
bone is seldom seen. The astragalus may be dislocated in any one of 
five positions: medial, lateral, anterior, posterior, or rotary. The 
mechanism of the dislocation is little understood, except that it takes 
severe violence to produce a complete dislocation. 

At one time the treatment advocated for this type of injury was ex- 
cision of the astragalus, as it was thought that after its complete dis- 
location the circulation was so severely impaired that necrosis would 
follow any type of reduction. 

The circulation of the astragalus has been little understood, as very 
little investigative work has been done along this line; but Sneed 1 
has presented an excellent study of the blood supply of the astragalus. 
It is one of the few studies of its kind to be found in the literature. 

In the simple dislocations of the astragalus there is a marked de- 
formity. The dislocated bone may be seen and palpated under the 
tightly stretched skin. The malleoli and os caleis are usually unin- 
jured; the malleoli generallj' rest on the os caleis. Radiographs should 
be taken to confirm the diagnosis. 

Simple dislocations should be reduced immediately by closed re- 
duction under a general anesthetic. It may sometimes be necessary to 
use a pin through the os caleis in order to obtain the proper amount 
of traction. While traction and count ertraet ion are maintained, the 


astragalus is forced back into its normal position bv direct pressure. 
If this is impossible, open reduction should be employed. 

Sneed 1 reported a most interesting case, in which open reduction 
was necessary, the peroneal tendons had to lie cut, and the astragalus 
was completely removed, after which the bone was replaced. The 
result was excellent, and there was no change due to any interference 


with the blood supply. 

Compound dislocations occur occasionally and should he treated 
,. j 0 t ], c principles of treatment of any compound dislocation. 
Tlmboi'w mav be fractured, but even in this instance, notwithstanding 
, r i u.nf’it is comminuted, renpposition of the fragments and re- 

placement af the , ' c if Th " 

will illustrate recovery from this type »f m«r>. 


necMvctl for publication. 


17 , 

ouo 
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CASE REPORT 

D. L., colored male, aged fifty-four years, was admitted to the Employees' 
Hospital, July 29, 1935, shortly after he had sustained a severe injury to his right 
ankle while working in a coal mine. The patient stated upon admission to the hospi- 
tal that he had been struck on the right shoulder by a laTge rock, which fell from 
above. This knocked him down, and another rock fell on his right foot and ankle, 
causing a serious open wound in the region of his ankle. 



Mr. 3. A compound comminuted fracture-dislocation of the right astragalus, frag- 
ments being displaced, anteriorly, posteriorly, and laterally. 

Examination on admission to the hospital revealed a well-developed and nourished 
negro male. He was in severe pain, complaining of discomfort in the right shoulder, 
chest, and ankle. Patient was moderately shocked. Examination of the right ankle 
revealed an extensive compound comminuted fracture-dislocation of the astragalus. 
It was completely severed from all its attachments except for a few fibers of the ex- 
ternal lateral ligament of the ankle. There was a laceration on the outer aspect of 
the ankle, about three inches in length, which opened up the entire ankle joint, and 
t trough uhieh the astragalus protruded. The entire wound was contaminated with 
partiiks of dirt, rock, and coal. Active hemorrhage was present. 
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(vt T SC rT m , r °'T led / coraminuted fracture-dislocation of the astragalus 
f' . , astragalar fragments were displaced outwardly, anteriorly, and 

inf room 3 ’" and r g ^ *7“ for sh °<*. the patient was taken to the operat- 
debrided The 2 f “esthetic, the wound was thoroughly cleansed and 
f ‘ ra S alus " as so severely comminuted, being torn almost entirely 

no°slfe S t g r n f astra ^omy was' at fiSt considered t S 

p ssible treatment. After the wound was cleansed and debrided, however, attempts 



« Position of the astragalus following reduction. Because of the murker! 

comminution. It was impossible to replace all Garments In perfect position. 


were made to get the fragments of the astragalus into reapposition ami replace them 
in their original site ia the tibiofibular mortise. This was done with difliculty, but 
it was decided that the wound would l>e closed without performing an n«tragaleetomy, 
even though there would l>e considerable danger of necrosis of the astragalus due to 
nssiblo loss of circulation. The wound was closed without drainage. A circular 
^ P t cr c;lE ,t was applied to the foot and leg above the knee, with the knee in slight 
p ' . .,-i n ,iow was rut in the east for observation and care of the wound. 

Healing occurred by primary intent.on. 
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Boentgenogram taken immediately after reduction of the dislocation showed that 
there was not an accurate anatomical reduction (Fig. 2), but due to the severe 
comminution, it was thought this position could hardly be improved upon. 

The cast was removed after a month, when the wound had healed arid the swelling 
had practically subsided. Another cast was applied from the base of the toes to 
the middle of the thigh, and the patient was allowed to be out of bed with crutches. 
This cast was removed in two weeks, and a light cast was applied to the foot and 
leg below the knee, which was removed two weeks later or two months after injury. 



though ti,„ I !^. C 0 m BenoS J a J n ' takc " tcn months after injury, shows no necrosis. Even 
° r foments are not perfect, the weight-bearing surface and 
alignment are good, much better than if no astragalus was present. 


cig it-bearmg, with the aid of crutches and an ankle and leg brace, was 
T| lt ^ \\ * rCC raont ' lf! nf(or Injury. The crutches were discarded a month later, 
an > i continued to swell considerably on active weight-bearing, but this slowly 
i ci. , and the patient could walk without pain or discomfort. 

otTlZlZ (I ,R ' <nI:Cn ,Cn I110nths nftor injury revealed no necrosis 
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Tiie patient was last seen on May 22, 1936, for follow-up. At that time there 
was still slight enlargement of the right ankle joint, with only moderate limitation 
of motion. The patient walked without ankle or leg supports, and even though there 
was a slight limp, he was free of pain (Pig. 4J and />). 



Fie. -U. Fig. .) b. 

Fig. 4, A ami B. — Pliotoprnplis showing the condition of the foot and ankle ten 

months after injury. 


COMMENT 

The results obtained in this case, although accurate anatomical re- 
duction was impossible, seem to justify replacement of the astragalus, 
even when there is a compound comminuted fracture-dislocation of the 
bone. It is interesting to note that in this case there was evidently 
serious circulatory disturbance in the hone which reestablished itself 
without the occurrence of any necrosis. 


SUMMARY AND DISCUSSION* 


1. Complete dislocations of the astragalus are unusual. Compound 
comminuted fracture-dislocations of the astragalus seldom occur. 

9 Immediate closed reduction is the treatment of choice in simple 
dislocations and is usually successful. 

3 Open reduction is indicated at once if the closed method is imsiie- 


ccsrfwl* 

A Compound dislocations, with or without fractures, should be 
treated by cleansing and debridement of the wound and a replacement 
of the dislocated hone. 

11 . uciinllv reestablished in the nsf nurnins, even 

c The circulation is 

from a 1 connections, 
though it is severed from 
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6. A case of compound comminuted fracture-dislocation of the 
astragalus is reported in which reduction was performed without the 
occurrence of necrosis, and the functional result was satisfactory. 
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THE OPERATIVE TREATMENT OP HYDRONEPHROSIS 
DUE TO OBSTRUCTION AT THE URETERO- 
PELVTC JUNCTION* 

C. D. Creevy, M.D. 

Minneapolis, Minn. 

(From the Urological Division of the Department of Surgery, The University 

Hospital ) 

H YDRONEPHROSIS due to obstructive lesions at the junction be- 
tween. the renal pelvis and the ureter is a relatively common 
condition, 25 cases having been seen at the University Hospital since 
April, 1930. Its frequency is probably due to the variety of lesions 
which may produce it. The causative lesions are best classified as 
follows : 

1. Fibrosis in the wall of the ureter (stricture). 

2. Fibrosis about the ureter (compression, angulation). 

3. Accessory vessels to the lower pole of the kidney, if accompanied 
by periureteral adhesions or by nephroptosis. 

4. Neurogenic dysfunction of the pelvis and ureter. 

5. High (nondependent) attachment of Ihe ureter to the renal pelvis. 


THE MECHANISM OF OBSTRUCTION 

The mechanism by which these conditions produce hydronephrosis may 
vary considerably. Fibrosis, either inflammatory or traumatic, may 
produce a ureteral stricture (Fig. 1, a) or, by infiltrating the wall of 
the ureter, render it inelastic and so impede peristalsis as to cause stasis, 
without actually compromising the lumen of the ureter. Periureteral 
fibrosis is probably not important unless it also invades the wall of the 
ureter or kinks it very sharply while binding it to adjacent structures, 
such as the renal pelvis, the posterior abdominal wall, or accessory renal 
vessels (Fig- 1, b). Kinking of the ureter without infiltration or fixation 
docs not cause obstruction. 

"Whether accessory renal vessels unaccompanied by any other abnor- 
mality may interfere with drainage of the renal pelvis is open to grave 
doubt although Quinby claims that the continual pounding of an artery 
against the ureter may disturb peristalsis sufficiently to produce hydro- 
nephrosis. Fibrosis about the ureter ami accessory vessel (Fig. 1, h and 
c ) or an associated ptosis of the kidney, may undoubtedly lead to com- 
pression of the junction by the vessel. 

few eases of hydronephrosis without dilatation of the ureter, it 


In a 

is necessary , 1)res umablv neurogenic, in the activity of the pelvic 

to assume a cicuxi, . , _ , 

and ureteral muscle. 

, , irt-forp tap MInr.cm.olH Forstml SorLty on Or-.oW J. JM*. 

ReceWcd lor publication. October 7. 


, because of the absence of any demonstrable pathologic state, 
csuinably neurogenic, in the activity of the pelvic 
This may take the form of a spasm of the circular 


id:c. 

005 
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muscle at the junction, or of peristalsis too feeble to empty the pelvis. 
Many of these cases are probably actually due to an unrecognized mechan- 
ical obstruction. 

High insertion of the ureter or, more properly, high attachment of the 
ureter to the renal pelvis, is often mentioned as a cause of hydro- 
nephrosis, the latter being attributed by Fenger to the formation between 
the pelvis and ureter of a valve which is closed by a rise in the intra- 
pelvie pressure (Fig. 1, b and c). More probably the high position of the 
ureteropelvic junction is secondary to the dilatation of the pelvis incident 
to one of the causes already enumerated. 



11 1. — The chief lesions which produce obstruction at the ureteropelvic Junction. 

THE CLINICAL PICTURE 

The clinical appearance of these conditions is variable, and may 
consist of an occasional vague pain in the flank, intermittent or con- 
tinuous renal pain or colic, attacks of recurrent acute infection, chronic 
pyuria, or of reflex gastrointestinal disturbances without pain. The 
classical picture of Dietl’s crisis (polyuria following colic), is rarely 
seen. It is worth remembering that the urine is often normal, and that, 
in an occasional case, the symptoms are all, or nearly all, gastrointestinal 
in character. 

There arc no constant physical findings, although the affected kidney 
may he palpable during attacks. Fever is usually dependent upon in- 



230 


SURGERY 


feetion, and the picture of recurrent acute pyelonephritis in young peo- 
ple is that most often seen. 

The diagnosis is dependent upon pyelography. Usually the excretory 
urogram suffices, but a retrograde pyeloureterogram is often required 
to demonstrate that the ureter below the obstruction is normal, since the 
latter often prevents filling of the ureter during excretory urography. 
The pyelogram ordinarily shows a hydronephrosis, with a ureter of 
normal caliber. Certain other changes are suggestive when present; 
namely, a bifid renal pelvis, a squared pelvic outline, and a high attach- 
ment of the ureter to the renal pelvis. 



Reimptantation. Plastic 

( Kiiiter, ) ( frnqcr, 1894) 

2A. Tho operations for obstruction at the u ret crop cl vie Junction. 


TREATMKXT 


Unfortunately, the majority of these cases are treated by nephrectomy 
(fifteen cases in this series). There are several reasons for this. The 
•itient may fail to seek advice until the kidney is too completely disor- 
ganized to permit saving it, although, in my experience, n kidney con- 
• • rr ns little as one-third of the normal amount of parenchyma may 
reclaimed Conservative operations upon such kidneys are amply 
• rr 1 Uv their results, and by repeated experimental observations 
justine . . . mav survive when two-thirds of their total renal 

showing m ‘ h ‘ on remov( ><i (and seven-eighths if small portions of 
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the kidney are removed in stages, allowing hypertrophy to follow the 
removal of each bit before proceeding further). 

Many surgeons are unaware of the possibilities of conservative opera- 
tions upon the kidney, while others oppose them except in bilateral 
disease, agreeing with Hinman that, if the kidney opposite to the lesion 
has undergone hypertrophy, the affected one will atrophy in spite of at- 
tempts to save it. Hinman argues that the presence of the hypertrophied 
normal kidney prevents the stimulus to function from reaching the 
damaged organ. While this view is borne out by Hinman ’s experi- 
ments, it has been repeatedly disproved in practice, particularly by 





Resection of Pelvis 


Lateral Anastomosis 
(Von Ochtrnbrrq) 


I' itr, 2/?. — Operations for obstruction at the ureteropelvic junction. 


Hie experiences of Bazy, Lcgueu, von Liehtenberg, and Wildbolz. They 
have reported instances in which the kidney functioned normally or 
was normal anatomically fifteen to twenty-four years after conservative 
operations for hydronephrosis due to obstruction at the outlet, of the 
renal pelvis. 

"With the possible exception of an occasional stricture at the uretero- 
pelvic junction, nonoperative measures are of decidedly limited value. 
They consist of the administration of urinary antiseptics, of ureteral 
( natation, and of lavage of the renal pelvis. Recurrence is the rule 
a cr such treatment, and tho condition is often aggravated by it 
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All forms of operative therapy (Figs. 2 and 3) have as their object the 
relief of stasis in the renal pelvis, with reduction in the size of the pelvis 
as a secondary and less important consideration, although the latter is 
desirable if the pelvis is very large, in which ease its size renders 
peristalsis ineffective. 

The first deliberate conservative operation for obstruction at the 
ureteropelvie junction was probably that of Kuster (1892), who, in the 
presence of a hydronephrosis due to a stricture at the junction, ligated 
the ureter, cut it off below the stricture, and reimplanted it into the de- 
pendent portion of the pelvis. The patient recovered. The method is 
still rather widely used, notably by von Lichtenberg, Wildbolz, and 



rip. 3. — Y-pIasty (Foley). 


-Juinby. The possibility of a recurrent stricture at the point of amts- 
omosis constitutes a theoretical objection to the operation. Another 
iefect. in this method is that it interrupts the continuity of the ureter 
with the pelvis, which is undesirable if it be true that peristaltic waves 
originate in the pelvis and pass down the ureter. 

Next in point of time is the operation of Fencer (1S!)4) who incised 
H,e stricture longitudinally and closed it transversely. This operation 
odvneatcs but IlerlM. and Pol key have shown experimentally 

in O,o „rcU, 

this kink may itself produce obstruction and so deteat the purpose of the 
operation. 
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"When the ureter is angulated and plastered against the pelvis, von 
Lichtenberg has made a lateral anastomosis between them, based on the 
Finney pyloroplast 3 r . The method has been used successfully by W alters. 
It has the objectionable feature that the spur formed between the ureter 
and pelvis may become edematous and cause obstruction. 


Gaj r et has advocated resection of the redundant pelvis in such a 
manner as to place the ureter in a dependent position, but this operation 
fails to correct the obstruction, which Gayet assumed to be due to the 
high attachment of the ureter. Young has attempted to overcome this 
fault by adding Fenger’s plastic operation, the objections to which 
have already been noted. 

When the obstructing force appears to be an anomalous blood vessel, 
Hellstrom resects the excess pelvis and sutures the vessels to the pelvic 
wall above its connection to the ureter. 

In a similar situation Patch severs the pelvis transversely above the 
level of the anomalous vessels, and resutures it on the other side of them. 

I do not believe that anomalous blood vessels cause hydronephrosis un- 
less the ureter is angulated and fixed around them by periureteral 
fibrosis or nephroptosis, and I prefer, in such cases, to widen the uretero- 
pelvic junction on the assumption that spasm or anatomic obstruction 
exists. Moreover, ligation of a renal vessel invariably produces infarction 
of the area supplied by it. While this is usually a silent process which 
destroys only a small portion of the kidney, it maj^ become infected 
and necessitate nephrectomy. 

Allcman has advocated longitudinal incision of the circular muscle at 
the junction down to, but not through, the mucosa for those cases 
seemingly due to spasm, as in the Fredet-Rammstedt operation for 
pyloric stenosis, but this method, like divulsion of the junction with a 
bougie at operation, seems to invite recurrence. 

To my mind the most satisfactory method of dealing with these cases 
is the operation devised by Schwyzer and improved by Foley (Fig. 3). 

Schwyzer divided the posterior surface of the upper inch of the ureter 
by a longitudinal incision, which he then prolonged upward onto the 
pelvis in the form of a V. The apex of the triangular flap of pelvic 
wall thus outlined was pulled down to the lower end of the incision in 
the ureter, and the incision closed as a Y, thus widening the junction 
without interrupting its continuity or angulating it. 

Foley has moved the longitudinal incision in the ureter onto its lateral 
aspect, and extended it above the ureteropelvic junction. One limb of 
the Y incision in the pelvis is placed on its anterior, and the other on its 
posterior surface, so that suture places the junction in a dependent posi- 
tion. The Y-shaped closure is made by carefully placed interrupted 
sutures of 0000 chromic catgut on atraumatic needles. These sutures 
include only the muscularis and adventitia, and do not penetrate the 
mucosa. A small catheter is placed through the anastomosis and brought 
out through the posterior surface of the pelvis. Openings into the 
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catheter are so placed that it drains the pelvis, diverts the time, and 
splints the anastomosis during .healing. More recently Foley has em- 
ployed an additional catheter as a pyelostomy. Three painful experi- 
ences caused by slipping of such tubes, with consequent extravasation of 
urine into the wound, have led me to supplement, the diversion of the 
urine by inserting a No. 22 Maleeot catheter into a lower calyx of the 
kidney as a nephrostomy. 

Foley has placed considerable • emphasis on the importance of 
nephropexy, but I have purposely avoided high fixation of the kidney. 
I have simply held it high enough to avoid kinking of the ureter by 
suturing the perirenal fat and peritoneum loosely beneath the lower 
pole of the kidney, somewhat in the manner of Deming. The results have 
convinced me that a painstaking nephropexy merely adds unnecessarily 
to the length of the operation. 



Fig. *1. — Hydronephrosis before Y-plasty (Cnse 1). 


TIIE RESULTS OP OPERATION 

I have performed this operation nine times, supplementing it twice by 
excision of redundant pelvic wall, and once by resection of the lower 
pole of the kidney, together with a contained stone which could not he 
located. In an additional case. Kinder s division of the ureter with 
reimplantation into the dependent portion of Ihe pelvis was done, and 
snnnleinontod liv excision of most of the wall of the pelvis. 

The first operation was done in November. VM2, the last in .June, 
The patients ranged in age from ten to fifty-seven years. There 
x i .. ths Several presented postoperative complications, but jiII 
veto no ((a , nn . cniirely symptom-free at the present time, with 

have recoma . }cnt v j„, required nephrectomy ten weeks after 

the exception persisting obstruction and extravasation of urine, 

operation beeau.se o than six months ago have had pyelo- 

A1! patients operated upon me 
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grams made at least six months, and in one instance three years, after 
operation, which show functioning kidneys secreting clear, uninfected 
urine. In all but one there has been a notable reduction in the size of 
the pelvis since operation; in the one in which the size of the pelvis has 
remained unchanged (Fig. 4) an infection of four years’ standing has 
disappeared, together with all symptoms. 

COMPLICATIONS 

Complications of varying severity followed operation in 5 cases. 

In the first of these, a thirteen-year-old boy, an accessory vessel to the 
lower pole was divided, a large portion of the pelvis was resected, and the 
ureter was reimplanted into a dependent position. A temperature of 



A. B. 

5. — Hydronephrosis (/l) before and (i?) after Y-pIasty and partial resection of 

pelvis (Case 4). 


Flo 0 F., without subjective or objective findings, appeared on the third 
day and lasted three days, apparently from infarction of the lower pole 
of the kidney. Thereafter recovery was normal. One and one-half 
years later the patient was well, the preoperative infection had disap- 
peared, and the kidney functioned well as judged by excretory urog- 
raphy, considering that only one-third of the normal amount of renal 
parenchyma was present at operation. 

In the second, a man twenty-five years old, a pseudolcuccmia followed 
operation, the white blood count rising to 47,000 and the hemoglobin 
hilling irom !>0 to 40 without evidence of hemorrhage. This reaction 
subsided uneventfully following transfusion. A year later the urine 
hum the right kidney was clear, and retrograde pyelography disclosed 
a very marked reduction in the size of the renal pelvis. 
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In the third instance, colic in the unoperated kidney occurred when 
the patient got up after operation (resection of the lower pole of the 
right kidney with an enclosed stone, Y-plasty) ; a stone was subsequently 
passed from the left side. Retrograde pyelography eighteen months 
after operation disclosed a considerable reduction in the size of the 
kidney, which secreted clear urine. 

In the fourth, a woman of thirty-five, urine was discharged through the 
incision for ten weeks after operation; at cystoscopy a piece of necrotic 
tissue was seen pi'otruding from the ureteral meatus. Closure of the 
fistula follow'ed extraction of the necrotic tissue and ureteral dilatation. 

In the fifth patient, a woman of thirty, operation was a failure due 
to a technical blunder. She had a stricture at the uretcropclvic junc- 
tion, another in the_upper third of the ureter, and a third at the upper 



r Hvilronephrosls (A) before nnil (R) after Y-plasty nml resection of the 

± * lower pole of the kidney (Case 2), 


margin of the sacrum. Repeated ureteral dilatations having proved 
fruitless, Y-plasties were done on the upper two strictures and a 
nephrostomy was made with a plain catheter, the intention being to re- 
pair the third stricture later. An extravasation of urine followed 
slippin" of the tube, and nephrectomy had to he done some months 
later for a renal fistula. 

SUMMARY AND CONCLUSIONS 


i Obstruction at the uretcropclvic junction may he due to stricture. 
x - . , scni . tissue, to anomalous vessels to the lower pole of 

to compressKU . . j)V j, cr i H reteraI adhesions or by twphrnpiosis, 

the kklticj comp * 1 • , 01IS mechanism of the uretcropclvic 
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2. Nonoperative treatment is of very limited value, its effects being 
purely palliative. 

3. Tlie various operations designed to correct obstruction at the 
ureteropelvic junction have been described. 

4. The Y-plasty of Schwyzer and Foley is, in my opinion, the method 
of choice, in that it widens the ureteropelvic junction without interrupt- 
ing its continuity or producing angulation or spurs. 

5. Ten eases are reported, in 9 of which Y-plasty was done. In 2 of 
these, redundant pelvic wall was also resected, and in 1 the lower pole 
of the kidney was removed, together with a contained stone. 

6. In the tenth ease, the ureter was divided and reimplanted into a 
dependent position, and the redundant pelvis was resected. 

7. In one case, an infected infarct followed ligation of vessels to the 
lower pole but did not impair the end-result. 

8. There was no mortality. All patients except one have been re- 
lieved of all symptoms, and all infections have subsided. 

9. Nephrectomy was later required in one case because of persisting 
obstruction with urinary extravasation. 

10. There is a wide field for this type of operation. 
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111 the third instance, colic in the unoperated kidney occurred when 
the patient got up after operation (resection of the lower pole of the 
right kidney with an enclosed stone, Y-plasty) ; a stone was subsequently 
passed from the left side. Retrograde pyelography eighteen months 
after operation disclosed a considerable reduction hi the size of the 
kidney, which secreted clear urine. 

In the fourth, a woman of thirty-five, urine was discharged through the 
incision for ten weeks after operation; at cystoscopy a piece of necrotic 
tissue was seen protruding from the ureteral meatus. Closure of the 
fistula followed extraction of the necrotic tissue and ureteral dilatation. 

In the fifth patient, a woman of thirty, operation was a failure due 
to a technical blunder. She had a stricture at the ureteropelvic junc- 
tion, another in tjie_upper third of the ureter, and a third at the upper 



Tr ,~ e T?v<lronephrosf 3 (.1) before and (J?) after Y -plasty and resection of the 

1 ' lower pole of the kidney (Case 3). 


margin of the sacrum. Repeated ureteral dilatations having proved 
fruitless Y-plasties were done on the upper two strictures and a 
nephrostomy was made with a plain catheter, the intention being to rc- 
. ( j ic tjjjflj stricture later. An extravasation of urine followed 
slipping of the tube, and nephrectomy had to be done some months 
later for a renal fistula. 

SUMMARY ANP CONCLUSIONS 


i Obstruction at the ureteropelvic junction may he due to stricture. 

. , j. car tissue, to anomalous vessels to the lower pole of 

to comprcssio ln . p cr i ure teral adhesions or by nephroptosis, 

the kidney comp • - s mechanism of the ureteropelvic 
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renal venous blood for analysis was obtained from the cannula, and 
the arterial blood was taken from the femoral artery. Heparin was 
used as the anticoagulant. 

A preliminary operation was performed under general anesthesia 
approximately one week before carrying out the control determina- 
tions on the renal blood flow and oxygen consumption. At the time 
of this operation, all visible veins which entered the renals or the 
inferior vena for a distance of 3 cm. above and below the level of the 
renals were ligated. The one exception was the right adrenal vein 
which was occluded distal to its entrance into the gland, but which 
was free to convey blood from the adrenal to the vena cava. The 
second purpose of the operation was to locate the position of the en- 
trances of the renal veins with respect to a scar on the anterior 
abdominal wall, in order that the cannula could be passed subsequently 
to the correct point. 

The control determinations were performed approximately one week 
after the preliminary operation. After a second interval of about 
seven days, each ureter was occluded by a heavy tape ligature at a 
distance of several centimeters from the entrance into the bladder. 
The ureter was doubly ligated with silk between the tape and the 
bladder, and it was divided between the ligatures. In one experiment, 
obstruction of the urinary tract was produced by occluding the base 
of the bladder with a heavy ligature of tape. The animals were ob- 
served carefully, and further measurements of the renal flow were 
made when they began to show signs of uremia. This was usually on 
the third or fourth day following the occlusion of the ureters. 

RESULTS 

The data of eight consecutive experiments are given in Table I. 
Eleven experiments were performed prior to the eight which are de- 
scribed in the table, but the results will not be given in detail for the 
following reasons: In some instances, the ligatures had cut through 
one or both ureters, and urine was present in the peritoneal cavity. 
In several experiments, the condition of the animal was so poor that 
shock undoubtedly was complicating the observation. In addition, the 
animals became quite anemic in some of the earlier experiments, and 
a proper evaluation of the results was difficult. There is one striking 
point, however, in the results of these eleven studies as well as in those 
described in Ihe table, and that is the fact that the arteriovenous 
oxygen difference is small in most instances. This applies to the 
determinations before and after occlusion of the ureter. One addi- 
tional point deserves comment. It was found in one experiment that 
the renal blood flow three days following occlusion of the ureters was 



THE EFFECTS OF URETERAL OCCLUSION ON THE BLOOD 

FLOW AND OXYGEN CONSUMPTION OF THE KIDNEYS 
OF UNANESTHETIZED DOGS 

Sanford E. Levy, M.D., Morton F. Mason, Ph.D., Tinsley R. 

Harrison, M.D., and Alfred Blalock, M.D., Nashville, Tenn. 

(From the Departments of Surgery, Biochemistry, and Medicine of Vanderbilt 

University )* 

A METHOD was described recently by Mason, Blalock, and Har- 
-i* rison 1 ' 1 which enables one to determine directly the flow of 
blood through the kidneys, and which also permits one to obtain renal 
venous blood for analysis in unanesthetized dogs. The present publi- 
cation deals with the results of the application of this method to 
the stud}' of the circulation through the kidneys following ureteral 
obstruction. 

METHOD 


Dogs were employed as experimental animals. They were trained 
to lie quietly upon the table. No anesthetic was used except for the 
local injection of novocain over the external jugular vein at the site 
where a cannula was to be introduced. The animals exhibited no 
evidence of pain during the course of the experiments. 

The principle of the method consists of producing a temporary 
blockage of the inferior vena cava both above and below the entrances 
of the renal veins, and diverting the blood during this brief period 
into a cannula which has been passed into the inferior cava through 
the external jugular vein. The cannula was 45 cm. in length and was 
made of brass. The distal end (kidney) was closed, and the proximal 
end (neck) was patent. The cannula was equipped with two externally 
expanding balloons, one located at the distal end, and the second 
7 5 cm. above it. These could be inflated with air from the proximal 
end of the cannula through two fine tubes lying in its lumen. Multiple 
perforations into the lumen of the cannula were present between the 
balloons. The balloons were inflated only during the time that the 
blood was allowed to flow from n rubber tube which was attached to 
the proximal end of the cannula. The level at which the outflow tube 
1 l I,„c Leon discussed.- The length of time that was munircd 


•* ] red has been discussed.- The length ol time that was required 
" <,lS * ^ i j- -Q (, ( . of blood was determined, the blood being 

replaced' immediately following the measurement. The sample of 

hlU r»lty fn>m fh'* Pkfnff.n »>f SVI'-r.r * » 





1E ”’’ an . 

Je eotting. f , S ^'e dv a] , mi ' 01 

b Wl’Ou&h n aUll] ]g j m . /U 

§ij Of u 5 Ji3 *° tfi 44 

Stores 


n 


Gi-e 


"■‘Vsiox 

st Odi es _ 

W.- '* 6 P«*ol a ”> s 3' it 


24J 


't'as 


ST itaa ^° 


^s Crj; 


Jia 


r SS/02v 


°' leai ,ras 
*■•> as 


w °^e «°ori ao „. 


i22 


flonr T ,;. eae;j Of 
ay ei>i 


tie 


‘‘a e°»?oT' i,Ue “‘ So ' 4o« ®4L ?e i8i ” /«“ 33 <■> V 


Jo 


yjn... en.„,. . ^cob,^.. _ e fact „._ . r «ia 


^r ecZ „.,:r «iat - w ' an «i 


v< A i is n 


the «*, ; of 
°Se f 0) ? es for 

J °-W ; 


ha »ge t a 

° f «'«■ t,^ 4 ' w a e;“‘; ,a »»< so r 


’°sis 


■« suoj, ‘ n,!l >'ke c j 


bi oh Ve 


ut 


°ia 


l ' e n;il 
actm-e 


n 8iiie ' ine mi 0n h} 


ti’u 0 


"'hen 




‘otei 




"*'» «i). 


J2 


OVil lg , 

Caut *He ra T ar * 
S, ' ea «i' tie 

' ati0 ' , . 0i '«-o 1 „. 

of 1. e tGl'S 

pwai t an e 3ife ftj- 
atari „ ,c '”'ivc 


T7je d m , 

^ to Of Jff 


,J «2’0 


^ •'-***' *»- **» "^:;r 3 ^ e 

P>'0po r i.. d I'izn . - ’ -«esj jjj. 


aC W - ^He,."" »' : aC'" a ' S 

a^^on. „ . . 
l(/„> »», , ta 0,1 


>V;jr 


aee. 


ne s s 


°0(7 ;) : *«at f/ Je ;* %otf '«* hr blo 

^ ^ vS^> ^ri :i; 

""" «X*w,"" 




ii,„., - ’'"'I, "’a',,, j,, 

■"» a„,;"" a t»a Ho,. v„,,, 

""'a»« ti "'"aa a 'f """ 

""■ f»to, ante. 


ojj e 


to 

*o 


»a/s 


; ")rZ 



The Kkeixts ok Ui:etkual Oiistructiox on' the Renal Blood Flow and Oxygen Consumption 


24 

































































a oo„ ° AVs b of 


CllEi 


IF, 


11 *■ Tg n 


naF*** a« 


at u 


‘-L.i^ry AD ^Vgs jy r> 

An «-V Dp ft. v JJ OGS ,5 rjj 


JAr LIVE 


fifi 


r °m 


the &e»a LER ’ M - D - 
Sc h Pnme «t 


0p fiiu 


fifilij'l' 


' 0 filTi s 


■nool 


V 

^ It 


■Slfy 


^gstedt 2 UTn ^ous oth ° f Wi-apcHt^n, ]\ IaUl 
hat assn • And ^ Vs » ev mvJ H toilc al am n the " 

*»**?*« W’*!?' at? «*• «'£*«*,„, . 

Pi'escnt i; aetei 'ia !]r , 0 ysi ' s of i t - 'din a* a , })> '°^fim. p^ 1 ’ ^ aVe 

“«•= r^- *»»d " ia 1, Dr °^- w i ! *»■* 

, f n aii!i-e of f] eonsi dev ab] 1,1 Wvs L ‘ Gl ' e is an s Wn 

"°" s 


i8 ’ atio «« oT!u ysis °f dlTl Tiast elloi 


do, 


death 

th e 


of do, 

eo "a*/ !£ t > "' e 2 L**?«* 

* «»ww al 5 «* 


as to 

* .«:: , *• ’""^s , *» ■« ? « as «• 

S&iS&SaSgsSsS 


the 

the 


am ed by 

nm ! )c '*Zu! ai l '** Z^l^ 9t ****** Int ea % 

° yH ‘s Of 


v ai 


Mr ? >>nv< 
yin S s; 


stated 

'th 
they 


■FWi- deat h of tb "' a that 


i:, n .„ r ""- 7 » 5 . ,; of 


"«TVe 


] ea7 


"ST* 


^Usp ,1 ’ u /J ave c.i. idic>lo,r,_ 


Ce « a 
tin’s 


l Se, 


ailac ?obi c 


In 


; »id „ - a * eth °d. h : u ‘ Jie : 


y in. 


every 
SP ydati n 
W t 6 fi fc 


a/,/d de^ 

( ' f, V'p h ^n^rkers, ^ ^ 




a 




r 'T((, 


'Oil 


,io,i of Wo 
^a/ns 


^n, 


^.«r{ 






J*>3C. 


7? Ojj 


e .,i 071,(3 fo ah' Sati °ns 
' ai,l olvai’ 2 ' mi on 
' S of //, e 



242 


SURGERY 


SUMMARY 

The blood flow and oxygen consumption of the kidneys of unanes- 
thetized dogs have been determined before and after the production 
of ureteral obstruction. The findings indicate that early hydro- 
nephrosis is associated with a decrease in the renal blood flow, little 
if any alteration in the arteriovenous oxygen difference, and a decrease 
in the oxygen consumption. 
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THE CAUSE OF DEATH IN LIVER PERITONITIS 


Blood Chemistry Findings in Dogs Subjected to Intraperitoneal 
Implantation op Fresh, Ground, Adult Dog Liver 

II. M. Trusler, M.D., and H. E. Martin, M.D., Indianapolis, Ind. 
(From the Department of Surgery and the Research Division of Indiana University 
School of Medicine, The Eli Lilly Research Fellowship, London 
Research Felloivsliip) 

T HE early experiments of Mason, Davidson, Matthew and Rastello 1 
upon the toxic effect of intraperitoneal autolysis of dog liver, have 
stimulated numerous other investigations of the problem. Ellis and 
Dragstedt, 2 Andrews, Rewbridge and Hrdina, 3 and Dvorak 4 have shown 
that associated with autolysis of liver in vivo, there is an abundant 
growth of bacteria normally found in livers of adult dogs. At the 
present time there is considerable difference of opinion as to the 
pathogenic nature of these bacteria and the role they play in the early 
death of dogs following intraperitoneal injection of various prepara- 
tions of liver tissue and bile salts. Ellis and Dragstedt 2 and Dvorak 4 
concluded that bacterial peritonitis is the causative factor in the early 
death of the animals. Andrews, Rewbridge and Hrdina 3 stated that 
the organism is Welch’s bacillus and that the rapid death of the animal 
is explained by this overwhelming toxemia. Furthermore, they were of 
the opinion that this organism lies dormant in the tissues of the dog and 
can be stimulated to produce a fatal infection by the intraperitoneal 
autolysis of sterile liver and bile salts. 

We have found that the bacteria in adult dog liver usually consist of 
varying strains of both aerobic and anaerobic organisms. In every in- 
stance one of the organisms has been a large, anaerobic, sporulating 
bacillus which stains positive by Gram’s method. In our studies 5 this 
bacterium produced no exotoxin, and was not identical with the Welch 
bacillus in either morphology or cultural characteristics. In a previous 
report,” we have shown that fresh liver sterilized by autoclaving does not 
cause death in dogs when injected intraperitoneally in 100 gram amounts. 
When, however, the liver is incubated for twenty -four hours or longer 
and is then sterilized by autoclaving, the intraperitoneal injection of 100 
grams causes rapid death of the dog, though the peritoneum remains 
sterile. 

Mason and his eoworkers 1 concluded from their early investigations 
with fresh liver that the rapid death of the animals was due to absorption 
M_toxie substances produced from intraperitoneal autolysis of the 

Hccvlvotl for publication. August 13 , 1336 . 
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liver material. They pointed out the close correlation between their 
findings and those reported by Cannon in his investigations on traumatic 
shock. Later, Mason and Lemon 7 discussed anhydremia and loss of 
body fluids intraperitoncally as a contributing cause in the rapid death 
of the dogs. Recently, Mason and Nau 8 showed marked degenerative 
changes in the liver and kidney of dogs subjected to the intraperitoneal 
introduction of sublelhal amounts of fresh liver tissue. They concluded 
that these changes were caused l> 3 r the absorption of toxins liberated 
from autol 3 ’zing liver fragments. 

In our studies we have made observations which we believe explain 
many conflicting interpretations of other workers. In all of our investi- 
gations, we have been impressed by the marked clinical picture of shock 
which is associated with the rapid death of dogs when certain prepara- 
tions of liver are placed intraperitoncally. This report deals primarily 
with blood chemistry changes in dogs following intraperitoneal injection 
of fresh liver. In an attempt to ascertain whether the presence of 
bacteria in the peritoneal cavity was a contributing cause in the early 
death of the animals, smears and cultures were made of peritoneal 
exudate removed as the dogs were dying. 


EXPERIMENTS UPON FRESH, GROUND, ADULT DOG LIVER 

All investigators agree that when fresh, adult dog liver, ground or 
whole, is placed intraperitoneal^ in the experimental animal, the dog 
dies usualty within twent 3 r -four hours. Furthermore, it is a common be- 
lief that the amount of liver introduced has no bearing upon the time 
the animal survives. The amount of liver introduced has varied with 
different investigators from 30 to 100 grams. 

In all of our experiments the liver was obtained from a sacrificed dog 
with aseptic surgical technic. As an added precaution against con- 
tamination, the liver was plunged into scalding water until the surfaces 
were coagulated. A small piece of the liver was removed and placed 
in a good anaerobic culture medium. 5 The remainder of the liver was 
ground in a sterile food chopper and placed in sterile Erlenmeyer flasks. 
The liver material plus an equal volume of sterile normal saline was 
placed intraperitoncally in the animals a few moments after it was 
removed from the sacrificed dog. The animals receiving the liver were 
iven no food for twenty-four hours preceding the operation. They 
received a preanesthetic dose of morphine sulphate, % gr„ and atropine 
. . y _ „ r The operation was done under light ether anesthesia. 
S e ’animals were then returned to individual cages and offered water. 
Tf they survived the operation twenty-four hours, they were offered food. 

1 1 t ijjjg experiment an effort was made to ascertain 

wlftheTthc’amount of fresh, ground liver placed intraperitoncally in- 
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fluenced the interval of time the animals survived. Varying amounts 
of liver were introduced into four dogs through small laparotomy in- 
cisions. Table I shows the results of the experiment. 

In Table I, we give the data on four dogs only. The findings, how- 
ever, are in agreement with general observations which we have made 
numerous times; namely, that fresh liver, even in small intraperitoneal 
doses, makes the animals acutely ill, but survival does occur. Dog 304, 
which received y 2 gm. per kilo, a total dose of 5 grams of fresh liver, was 
prostrated for a number of hours, refused food, and for several days 
vomited blood. Smears and cultures made from peritoneal exudate 
removed eighteen hours postoperatively, were positive for the dog liver 
anaerobe. This dog, however, made a complete recovery in three weeks. 
We conclude, therefore, that the amount of liver introduced does have 

Table I 

The Effect of Placing Varying Amounts of Fresh, Ground, Adult Dog Liver 

Intrxperitoneally 



AMOUNT OF LIVER IN- 
TRODUCED THROUGH 
LAPAROTOMY INCISION 

RESULT 

SMEAR PERITO- 
NEAL EXUDATE 

18 HR. 

POSTOPERATIVE 

CULTURE PERITO- 
NEAL EXUDATE 

18 HR. 

POSTOPERATIVE 


TOTAL 

GRAMS 

GM. PER 
KILO 


Dog 301 

5.0 

i 

Survived 

Positive for dog 
liver anaerobe 

Positive for dog 
liver anaerobe 

Dog 301 

17.5 

i 

Died 4S-55 
hours 

Positive for dog 
liver anaerobe 

Positive for dog 
liver anaerobe 

Dog 302 

37.5 

3 

Died 25-32 
hours 

Positive for dog 
liver anaerobe 

Positive for dog 
liver anaerobe 

■H 

07.5 

5 

Died 21-25 
hours 

Positive for dog, 
liver anaerobe 

Positive for dog 
liver anaerobe 


a bearing upon the interval of time the animal survives. When, how- 
ever, fresh, ground, adult dog liver is used in amounts of 30 grams or 
more, the animals all die rapidly, having the clinical appearance of 
shock associated with bacterial growth in the peritoneal cavity. When 
these larger amounts of liver are used, the calculated dose per kilo has 
little relationship to the time the animal survives. 


Experiment 2. — This experiment was undertaken to determine the 
changes in blood chemistry which occurred following the intraperitoneal 
introduction of 100 grams of fresh, ground, adult dog liver. Six dogs 
were used. The following blood studies were done on the animals before 
placing the liver material intraperitoneally and later when the animals 
were moribund: red and white cell counts with the hemocytometer; 
hemoglobin estimation in the Haden-IIausser licmoglobinometer:® coagu- 
lation time by the venous puncture and test tube methods; 10 carbon 
dioxide capacity of the plasma by the Van Slyke volumetric method; 11 
’ .0°, v plasma volume, and hematocrit number by the injection of 
vital red dye after the method of Hooplc, Smith, Belt and Whipple- 11 
>ood sugar determinations, using the Folin and Wu macromethod 
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nonprotein nitrogen by ncsslemation;" total nitrogen bj r the macro- 
Kjeldahl method; 15 - blood chlorides as NaCl following the Volhard prin- 
ciple, using the Whitehorn procedure,’ 0 and the blood urea nitrogen 
by use of the Lciboff pressure tube." 

Tlie liver material was obtained from sacrificed dogs, ground and 
placed intraperitoneally in the same manner as described in Experi- 
ment 1. All of the animals died from eleven to seventeen hours follow- 
ing the introduction of liver. Bacteriologic smears and cultures from 
peritoneal exudate, removed as the dogs were dying, showed the dog 
liver anaerobe to be present in each case. Since the findings in all 6 
animals were similar, the results can best be shown by including a typical 
protocol and table. Table II shows physical and chemical changes in 
the blood observed when 100 grams of fresh, ground, adult dog liver 
are placed intraperitoneally. 

Protocol 


2/3/36 Don 204 Table II 

A short-haired, male cur, well nourished and healthy. The animal had been 

starved for twenty-four hours and weighed 1G.S kilos. 

4:15 p.m. — Samples of blood were taken for blood cell counts, coagulation time, and 
blood chemistry analysis. 

9:00 p.m. — Given a preanesthetic of % gr. morphine sulphate and 1/150 gr. atropine 
sulphate. 

10:20 P.M. — Given a general ether anesthetic and prepared for aseptic surgery. 

10:40 p.m. — Three-inch laparotomy incision made through the right rectus muscle. 

10:45 r.sr. — One hundred grams (G grams per kilo) fresh, ground liver introduced 
intraperitoneally. 

10:55 P.M. — Laparotomy incision closed and animal returned to kennels. 

2/4/30 

9:40 A.M. — Animal lying on side in coma. Breathing was slow and labored, and 
the pulse weak and thready. The dog was passing bloody mucus from 
the bowel. 

9:45 a.m. — Samples of blood were removed for cell counts, coagulation time, and 
chemical analysis. 

10 ‘15 A.M. — Animal was dying. Ten c.c. of peritoneal exudate were removed by 
pushing a hot, 15-gauge, perforated needle through a cautery burn in 
the abdominal wall. Bacterial smears and cultures were made of the 
peritoneal exudate. Both smear and culture were positive for the dog 
liver anaerobe. 

The animal lived eleven and a half hours after the liver material was 
introduced intraperitoneally. 


In general, the blood changes observed in these animals were definite 
and consistent. Following the introduction of ground liver intra- 
•itone'illv there was a concentration of red blood cells and liemoglobin. 
The total 'nonprotein nitrogen, total nitrogen as protein, and urea 
ivcrc increased. The carbon dioxide capacity of the plasma, 
nitrogen volume, blood sugar, blood chlorides, and coagula- 

plasma ’ , i The while cell count varied with different 

tion time were decieaxtu. 
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animals; some showed an increase, others a decrease. In most instances 
the results obtained confirm the findings of Mason, et al., 1 when chunks 
of fresh dog liver were allowed to antolyze in the peritoneal cavity of the 
dog. The one notable exception is that we find a marked decrease in 
the coagulation time. Our studies further show that there is a marked 
concentration of blood, as indicated by increased red cell count, in- 
creased percentage of hemoglobin, and decrease in plasma volume. The 
hematocrit determinations, however, would seem to show very little 
change in the animal reported in Table II. Our experience has taught 
us that hematocrit determinations are subject to considerable error. 

The necropsy findings in these animals were characteristic and agree 
with the findings of others who have investigated the problem. The 

Table II 


Physical and Chemical Changes in the Blood Brought About by the Intra- 

PERITONEAL INTRODUCTION OF 100 GRAMS OF FRESH, GROUND, ADULT DOG LIVER 


DOG 294 

NORMAL 

AT DEATH 
11^4 HOURS 

R.B.C. 

7,370,000 

10,230,000 

W.B.C. 

9,700 

3,200 

Coagulation time 

2 min. 

40 sec. 

Hemoglobin — gin. per 100 c.c. 

14 

18 

CO. Vol. % 

60 

56 

Hematocrit — % cells 

50 

53 

Per cent Plasma 

50 

47 

Plasma Volume in c.c. 

1,258 

740 

Blood Volume in c.c. 

2,500 

1,570 

Blood Sugar — nig. per 100 c.c. 

103 

71 

Total N.P.N. — rng. per 100 c.c. 

IS 

57 

Total N. (as protein) — gin. per 100 c.c. 

26 

30.1 

Blood Chlorides as NaCl — mg. per 100 c.c. 

502 

465 

Urea Nitrogen — mg. per 100 c.c. 

9.7 

22. S 


peritoneal cavity contained from 200 to 300 c.c. of turbid brown fluid; 
masses of liver fragments were caught in the omentum; all the peri- 
toneal surfaces were fiery red and congested. There was a serofibrinous 
exudate on all peritoneal surfaces. There was marked hemorrhagic 
enteritis, particularly in the mucosae of the gastric fundus, the 
duodenum, and ileum. The temperature of the peritoneal fluid was 105° 
to 107° F. No free gas was noticed when the animals were examined 
at the time of dentil. The lungs were pink with congestion, and hied 
freely from the cut surface. The results obtained indicated that the 
animals die with all the cardinal signs of shock, as proved by both 
clinical and laboratory findings. The various factors which may be 
responsible for the shock condition will be taken up later in the general 
discussion. 

Mason and Xau® report that marginal portions of the liver lobes are 
less lethal than the same amount, of liver material taken from the center 
of the lobes. They further state that marginal portions of the lobes 
are sterile while the central parts harbor bacteria. The authors used 
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from 30 to 35 grams of liver substance in their experiments. They 
concluded that the presence of bacteria in autolyzing liver probably 
contributes to the rapid death of the animal, but believe their action 
is largely that of bringing about a more rapid liberation of toxins from 
autolyzing liver fragments. Since our early investigations of the prob- 
lem had shown the margins of adult dog liver consistently to contain 
bacteria, we decided to check Mason ’s observations. 

Experiment 3 . — The liver was removed from a sacrificed dog in the 
usual manner. A small piece of liver was removed from the margin 
of the lobe and a similar piece was removed from the central part. Both 
pieces of liver were shown by culture to harbor the dog liver anaerobe. 
The marginal portions of the liver lobes were trimmed away from the 
central portions and 100 grams of each fraction were placed intra- 
pei’itoneally in two operated dogs through a laparotomy incision,- in a 
manner described previously. Both animals died some fifteen hours 
later, at approximately the same time. It is probable that this lack 
of agreement with the findings of Mason and Nau is to be explained on 
the basis that we introduced larger amounts of liver. Our subsequent 
experiment bears out this concept. 

Experiment 4 . — It occurred to vs that the rapid death of dogs sub- 
jected to intraperitoneal introduction of fresh, ground, dog liver might 
be due in part to factors related to the laparotomy" wound. We, there- 
fore, minced the liver material finely enough to be injected through a 
15-gauge needle. This was accomplished by placing 120 grams of 
fresh, ground liver plus an equal volume of sterile normal saline in a 
500 c.c. Erlenmeyer flask, together with a small handful of broken glass. 
The flask with its contents was placed in a mechanical shaker and 
violently shaken for fifty minutes. The preparation was then filtered 
through six thicknesses of gauze. This procedure results in the almost 
complete separation of cells and parenchymal tissues of the liver from 
blood vessels, bile ducts, and connective tissue. After straining the 


preparation, it was found that 70 grams of parenchymal liver tissue plus 
120 c.c. of normal saline had passed through the gauze, while 50 grams 
of the original amount of liver remained behind as blood vessels, bile 


duets, and connective tissue. The fragments of broken glass were re- 
moved from this fraction. Cultures taken of both fractions were posi- 
tive for the dog liver anaerobe. The 50 grams of blood vessels, bile 
ducts and connective tissue plus 120 c.c. of normal saline were placed 
intraperitoneally in a dog through a laparotomy incision. The frac- 
tion of liver containing the 70 grams of parenchymal tissue was injected 
intraperitoneally in a similar dog through a 15-gauge needle. In this 
- eriment the animal which received the 50 grams of liver blood vessels, 
wf ducts and connective tissue presented the usual clinical picture of 
, 6 , i twentv-five to thirty hours following the operation. Post- 

*■*— -i— - **- 
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tonitis. On the other hand, the animal which received 70 grams of 
parenchymal elements of liver survived. At no time did the dog appear 
to he acutely ill. A sample of peritoneal exudate was removed twenty 
hours after the introduction of liver material. Stained smears made of 
this exudate were negative for vegetative forms of bacteria. A culture 
made of the exudate, however, was found positive for the dog liver 
anaerobe after three days’ incubation. This was due probably to the 
presence of spores. The experiment was repeated with identical results. 
In this repeat experiment the animal which received the parenchymal 
elements was explored thirty-six hours following the implantation of 
liver material. There was some free fluid in the peritoneal cavity, and 
large masses of liver material were caught in the omentum. There was 
no violent congestion of peritoneal surfaces, such as is commonly seen 
when fresh whole liver is placed intraperitoneally. The incision was 
closed, and the animal made an uneventful recovery. Cultures and 
smears made of the peritoneal exudate at the time of this second opera- 
tion were negative for any bacteria. 

The results obtained in these preliminary experiments indicated that 
the parenchymal element of liver is much less toxic in its effects than 
the blood vessel, bile duct, and connective tissue elements. Furthermore, 
they indicated the surprising ability of the dog to sterilize large amounts 
of this contaminated material. 

To check further the above observations and at the same time to ascer- 
tain whether the method of introducing the parenchymal elements of 
liver intraperitoneally influenced the results, the following additional 
experiment was carried out: The parenchymal element obtained from 
fresh livers removed from sacrificed animals in the usual manner was 
introduced intraperitoneally in 4 dogs. The dose of liver material 
equaled 6 grams per kg. In each of 2 dogs of this series, the parenchymal 
liver suspension was injected intraperitoneally through a needle. Each 
of the remaining 2 received the parenchymal liver suspension through 
a small laparotomy incision. All of these animals survived, and none 
appeared to be acutely ill. The dogs were given general ether anesthesia 
thirty hours after the introduction of the liver, and samples of peritoneal 
exudate were removed, using the cautery and needle technic. Smears 
made of these exudates showed large numbers of pus cells but no bac- 
terial forms. Two of the cultures remained negative, while 2 were 
found positive after three days’ incubation. The results obtained in 
this experiment confirmed those obtained in the preliminary experi- 
ments in every detail. They indicate that the manner of introducing 
the liver material intraperitoneally has no apparent effect upon the re- 
sults. they further substantiate the previous observation that the 
cellular element of liver is decidedly less lethal in its effect than are 
the Wornl vessel, bile duct, and connective tissue elements. We believe 
that these results offer a satisfactory explanation of the observations re- 
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ported by Mason and Nan 8 Hint marginal parls of liver lobes are less 
lethal than central parts, since the periphery of the liver lobes contains 
a relatively larger proportion of parenchymal elements. We find that 
the dog liver anaerobe is present throughout all the liver substance. 
Since 70 grams of the parenchymal elements of liver were shown not to 
be lethal when introduced intraperitoneally in the experimental animal, 
it followed that a determination of physical and chemical changes in 
the blood brought about bj r the injection of such material would be of 
interest. Experiment 5 was therefore carried out. 

Experiment 5 . — Two 70-gram lots of the parenchymal elements of liver 
were prepared and injected into 2 clogs in the same manner as described 
in Experiment 4. Physical and chemical determinations were made 
upon samples of blood removed from these dogs before the liver material 
was placed intraperitoneally, and repeated twenty hours later. The 
results of the experiment are shown in Table III. Both of these animals 
survived the operation. 

Table III 


The Physical and Chemical Changes in- the Blood Brought About by the Extra - 
peritoneal Introduction or 70 Grams of the Parenchymal Elements 
of Fresh, Ground, Adult Doo Liver 



DOG 

273 

1)00 

274 

BLOOD STUDIES 

NORMAL 

AFTER 20 
HR. 

NORMAL 

AFTER 20 
HR. 

R.B.C. 

7,000,000 




W.B.C. 

12,930 




Coagulation Time 

3' 30" 

1 


40" 

Hemoglobin — gm. per 100 c.c. 

13 

13 

13 

13.5 

CO. Vol. % 

72 


63 

56 

Hematocrit — % cells 

49 

46 

49 

4S 

Per cent Plasma 

51 

54 

51 

52 

Plasma Volume in c.c. 

1,330 

1,294 



Blood Volume in c.c. 

2,000 

2,390 

1.0 so 


Blood Sugar — mg. per 100 c.c. 

S7 

9S 


93 

Total N.P.N. — mg. per 100 c.c. 

40 

46 

30 

36 

Total N. (as protein) gm. 

14.2 

21.3 

13.8 

21.4 

Blood Chlorides — mg. per 100 
c.c. 

405 

485 

500 

495 


A comparison of Tables II and III shows that, in general, both physical 
and chemical changes in the blood are much less marked in animals sub- 
jected to the intraperifoneal introduction of 70 grams of parenchymal 
elements of the liver. For the most part any changes observed in Table 
III are almost within the limit of technical error. The increase in 
total nitrogen of the blood and the decrease in coagulation time and 
carbon dioxide capacity of the plasma were the same in eacli instance. 
These animals never showed any marked evidence of shock. 


DISCUSSION 

Our experiments show that when dogs are subjected to the infra- 
peritoneal introduction of 30 or more grams of fresh, ground, adult 
do” liver the animals die usually within twenty-four hours, with all the 
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cardinal signs of shock. Furthermore, physical and chemical changes in 
the blood closely correlate those reported by numerous investigators on 
the subject of experimental shock. We believe, therefore, that shock is the 
major factor contributing to the rapid death of the animals. The factors 
which initiate the shock condition are not determined. It is not the 
purpose of this report to discuss the different theories which have been 
advanced to explain the mechanism of traumatic or secondary shock. 
At the present time there is considerable confusion in the literature as to 
whether secondary shock is caused by the absorption of toxic substances 
which cause a relaxation and increased permeability of the venules and 
capillaries, or whether the entire shock syndrome is due to hemorrhage 
and loss of body fluids. 

It has long been known that trauma to abdominal viscera is one of 
the most effective measures in establishing a condition of secondary 
shock in the experimental animal. It follows that the intraperitoneal 
injection of. any chemical substance with irritating qualities might be 
expected to accomplish the same result. Andrews, Rewbridge and 
Hrdina 3 reported that 10 per cent solutions of bile salts placed intra- 
peritoneally caused rapid death of the animal. Since they found large 
anaerobic bacilli in the peritoneal exudate, they attributed the rapid 
death of the animals to the pathogenic nature of these bacteria. We 
repeated their experiment, using more precaution against contamination 
of the peritoneal cavity, and observed that although the animals died the 
typical rapid death, the peritoneal cavity remained sterile. Postmortem 
examination revealed 300 to 400 c.e. of bright red fluid in the peritoneal 
cavity, with intense congestion of the viscera. Obviously, it is not 
necessary that bacteria play any role in the death of animals subjected 
to this type of chemical peritonitis. It is open to question whether the 
fatal shock condition of the animal was due to irritation of peritoneal 
surfaces, with loss of fluids intraperiloneally, or whether there was 
likewise the absorption of toxic substances which caused damage to 
parenchymatous organs and capillary dilatation and congestion else- 
where in the body. The intense enteritis, particularly in the ileum 
and duodenum, and the petechial hemorrhages on all visceral surfaces 
would indicate that there is actually an absorption of toxins. Mason and 
Nau* have reported that following the intraperitoneal implantation of 
sublethai amounts of fresh liver, there is marked toxic degeneration of 


the liver and kidney. We have made similar observations upon animals 
subjected to intraperitoneal implantations of various preparations of 
liver. We have noted furthermore that the adrenal glands show definite 
pathologic changes, amounting in some instances to actual necrosis of 
the gland. It is possible that part of the disturbance in water balance 
and the shock condition of the animal can be attributed to absorption of 
toxins, which cause acute degeneration and exhaustion of these paren- 
chymatous organs. It is logical that the increase in total nonprotcin 
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nitrogen and urea nitrogen, and the marked alteration of blood sugar 
occur as a result of acute damage to the liver, kidneys, and adrenal 
glands. Moon and Kennedy 18 published an excellent paper on the 
pathology of shock, in which they contrast the shock picture produced 
ii'om gross hemorrhage with that produced by trauma to an extremity, 
or the intraperitoneal introduction of ground sterile muscle. In both 
latter instances there was marked capillary damage and dilatation, par- 
ticularly in the lungs and gastrointestinal tract. These changes in the 
capillaries were not seen in the dog subjected to gross hemorrhage. The 
mere fact that shock can he caused by hemorrhage and loss of fluids 
alone, docs not preclude the possibility that the absorption of toxic sub- 
stances can likewise be the cause of secondary shock. Krogh 10 has demon- 
strated that capillary change and relaxation can be produced by a wide 
variety of chemical substances. 

We found, however, that the intraperitoneal introduction of 70 grams 
of the parenchymal elements of fresh liver was essentially harmless to the 
animal. The dogs failed to present the marked picture of shock seen in 
animals subjected to an equivalent amount of fresh, ground, whole 
liver. On the other hand, 50 grams of the blood vessel, bile duct, and 
connective tissue fraction of liver caused the typical shock picture and 
death of the animal. Wc further observed that animals injected with 
the cellular elements of liver were able rapidly to sterilize the material, 
while animals receiving the other fraction died with bacterial growth in 
the peritoneal cavity. We do not know whether the presence of the dog 
liver anaerobe in the peritoneal cavity of these latter animals con- 
tributed to, or caused, the condition of shock. It is possible that their 
presence was coincidental and could be explained on the assumption that, 
toxic substances from this particular fraction of liver blocked out the 
phagocytic defense powers of the peritoneum. It is also possible that 
the fresh, parenchymal elements of the liver were able to combine with 
any toxins present, and in this manner protect the animal against shock. 
Whatever the explanation, we have demonstrated that the toxicity of 
implanted liver material is associated with the blood vessel, bile duct, 
and connective tissue elements. We believe that this observation may 
have fundamental significance in determining the complexity of factors 
which operate in producing this particular type of experimental shock. 

SUMMARY 

1 Do"s receiving intraperitoneal doses of 30 to 100 grams of fresh, 
ci-round, 'adult dog liver, die usually within twenty-four hours, showing 
all the signs and blood chemical changes of shock. 

9 When the dose is less than 30 grams for an average dog, there is 

(Infinite relationship between the interval of survival and the amount 
of liver introduced. One dog receiving % gram per kg. (5 grams total 
dose) survived indefinitely. 
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3. In the dogs which died, peritoneal smears and cultures taken shortly 
before death consistently revealed growth of the dog liver anaerobe. 

4. "We have found the parenchymal elements of the liver to be rela- 
tively nontoxic. When these elements were separated from the blood 
vessel, bile duct, and connective tissue portions of fresh dog liver, 70 
grams of the parenchymal tissue suspension caused neither death nor 
shock. However, 50 grams of the connective tissue suspension caused 
both shock and death. 

5. Cultures taken of the parenchymal suspensions have consistently 
showed that this fraction of liver harbors the dog liver anaerobe. Never- 
theless, smears and cultures of peritoneal exudate removed from dogs 
subjected to the intraperitoneal introduction of parenchymal suspensions 
of liver have shown that these animals rapidly sterilize the peritoneal 
cavity, even in the presence of large amounts of contaminated liver sub- 
stance. 

6. The dogs receiving the liver connective tissue suspensions rapidly 
died of shock and bacterial peritonitis, while the dogs receiving the 
parenchymal liver suspensions survived and remained well. This in- 
teresting observation merits further investigation. 

Wo wish to express our appreciation to Dr. W. D. Gntch under whose supervision 
our investigations originated. Dr. Lynn Arbogast and Dr. Ralph Gettlefinger rendered 
valuable technical assistance. 
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ACUTE APPENDICITIS 

A Remew of 518 Cases in the University of Minnesota Hospitals 

Prom 1932 to 1935 


L. Sperling, M.D., and J. C. Myrick, M.D., Minneapolis, Minn. 

( From the Department of Surgery , University of Minnesota ) 


A PPENDICITIS causes the loss of 20,000 lives each year in the 
United States; the highest mortality rate of any of the civilized 
nations. The mortality of appendicitis in this country was 11.4 per 
100,000 population in 1910; 13.4 in 1920; 15.2 in 1929; and 18.1 in 1930. 
The average age at death in 1930 was 32.4 years. The victims of ap- 
pendicitis die at a more productive age than the victims of tuberculosis 
(36.8 years), of cancer (60.7 years), of nephritis (62.2 years), or of 
heart disease (64.7 years). A survey of published statistics reveals a 
great variation in mortality, depending upon the method of classifica- 
tion of cases, and the type of treatment. 

There has been no appreciable decline in the mortality of appendicitis 
in the past twenty years. In 16,424 cases of acute appendicitis, Stanton 
reports a mortality of 5.4 per cent. Twenty years ago, he found that 
it was 6.2 per cent in 4,343 cases. The degree of professional dissatis- 
faction with such results is indicated by the fact that over eight hundred 
articles on appendicitis have been written in the past four years. 

The reasons for the high mortality in acute appendicitis may be sum- 
marized as follows: (1) delay by the patient in seeking medical advice, 
(2) inadequate medical treatment, (3) use of purgatives, and (4) mis- 
takes in diagnosis. An important factor which has not been sufficiently 
stressed is the fact that the therapy employed in late cases with extra- 
appendiceal extension is often too radical and contributes to the high 
mortality. 

The operative mortality bears a definite relationship to the duration 
of the acute inflammatory process. According to Stanton, about 30 per 
cent of the patients operated upon during the first day and 40 per cent 
of t hose operated upon during the second day of the disease present 
noteworthy peritoneal exudate. By the third day from 60 to SO per cent 
of the cases present peritoneal involvement. At the same time, the 
operative mortality jumps suddenly to about 10 per cent. This increase 
involves chiefly those cases with periappendiceal complications, that is, 
abscess and peritonitis. 


There would he no problem of appendicitis if all cases were operated 
upon early, that is, within twenty-four hours, ns the mortality then 
nould he less than 1 per cent (our mortality is 0.3 per cent for the un- 


for puMlrMUtn. Orfolirr 1. 1036. 



254 


SURGERY 


13. Koliner, ,T. A., Boorncr, F., and Garber, C. Z.: Approved Laboratory Technic, 

New York, 193], I). Appleton & Co., p. 541. 

14. Ivolmer, .T. A., Boernor, F., and Garbor, C. Z.: Approved Laboratory Technic, 

New York, 1931, D. Appleton & Co., p. 531. 

15. Peters, .T. P., and Van Slyke, D. D.: Quantitative Clinical Chemistry,' Vol. II. 

Methods, Baltimore, 1931, Williams & Wilkins Company, p. 519. 

16. Ivolmer, .T. A., Bocrner, F., and Garber, C. Z.: Approved Laboratory Technic, 

Now York, 1931, D. Appleton & Co., p. 555. 

17. Peters, J. P., and Van Slyke, D. D.: Quantitative Clinical Chemistry, Vol. H. 

Methods, p. 560. 

IS. Moon, V. IL, and Kennedy, P. «T.: Pathology of Shock, Arch. Path. 14: 360 
(Sept.), 1932. 

19. Nrogli, A.: The Anatomy and Physiology of the Capillaries, ed. 2, New Haven, 
Conn., 1929, Yale Univ. Press. 



SPERLING AND MTBICK: ACUTE APPENDICITIS 


257 


la 95 cases operation was deferred, with one death. Operation in 
these 95 eases was deferred for the following reasons: (1) subsiding 
appendicitis, (2) duration of three days or more, and (3) acute upper 
respiratory infection, rheumatic fever, diabetes, and cardiac or renal 
disease. 

Postoperative complications in these acute cases included 7 infected 
wounds, 5 instances of atelectasis, 3 of pelvic abscess, 2 of upper respira- 
tory infection, and 1 each of bronchopneumonia, pleurisy, pyelitis, 
phlebitis, scarlet fever, pulmonary embolism, intestinal obstruction, and 
tapeworm. The single death in this group resulted from an infected 
hematoma and general peritonitis. 

3. Acute Appendicitis With Extraappendiceal Localization . — In the 
third group, those with extraappendiceal extension (either local peri- 
tonitis or abscess) there were 107 cases (27 females and 80 males). The 
average age was thirty-one years. 

Thirty-three were subjected to immediate operation, with two deaths. 
Sixty-eight operations were deferred, with three deaths. Of these, 
17 had abscesses drained and were advised to return for appendectomy, 
while 51 were discharged after conservative treatment and were advised 
to return six weeks later for appendectomy. Thirteen failed to return. 

In the remaining 6 cases, no operation was advised because of ad- 
vanced age, poor condition of the patient, etc. 

The postoperative complications encountered in all cases with extra- 
appendiceal localization were 13 wound infections, 5 cases of broncho- 
pneumonia, and 3 upper respiratory infections. There were 2 instances 
of intestinal obstruction, 2 of fecal fistula, 2 of postoperative hernia, 1 of 
paralytic ileus, and 1 of parotitis. Complications encountered before 
operation included 2 eases of infection of the urinary tract, 1 of 
osteomyelitis of the spine, and 1 of diabetes mcllitus. 

4. Acute Appendicitis With General Peritonitis . — There were 68 cases 
(13 per cent of the total number) in this group, of which 24 were 
females and 44 were males. Thirty-eight were under fifteen years of 
age. The average age was thirty years. 

In S of these patients appendectomy was performed immediately. 

In 45, operation was deferred. Of these, 32 were treated conserva- 
tively and advised to return for appendectomy in six to eight weeks. In 
13, abscesses were drained and the patients were advised to return for 
appendectomy. (Five failed to return.) 

In 1;> cases no operative procedure was done. These patients were all 
desperately ill on admission. There were 23 deaths in GS eases of gen- 
eral peritonitis. 

(Amplications encountered in this group included 20 instances of 
oeauzed abscess, 5 of pneumonia, 3 of atelectasis. 2 of wound infection 
- of intestinal obstruction, and 1 each of pylephlebitis with liver ah- 
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complicated cases). The real problem lies in the treatment employed 
when the disease has spread beyond the appendix. In many hospitals, 
it is routine practice to operate upon all cases of appendicitis when the 
diagnosis is made. The practice at the University Hospital has been 
more conservative, especially in dealing with late cases. 

The treatment of appendicitis at the University Hospital, in brief, is 
as follows : 

1. Every early case without clinical signs of periappendiceal extension 
is submitted to immediate operation. 

2. Those which are apparently subsiding when first seen are allowed 
to subside completely before operation. 

3. Conservative therapy, consisting of rest, hot packs to the abdomen, 
paraoral fluids, gastric siphonage, and sedatives, is carried out in most 
cases seen after the third day of the disease, and in all such cases with 
periappendiceal complications. 

4. Transfusion and all other supportive measures are utilized in those 
patients with diffuse peritonitis. 

5. Appendectomy, after conservative therapy, is deferred for from six 
to eight weeks to allow the inflammatory process to subside completely. 
Operation can be carried out. more safely at the later date. 


SURVEY 

We present a series of 518 consecutive cases of appendicitis seen at the 
University of Minnesota Hospital from January 1, 1932, to January 1, 

1935. . . „ 

Of these 51S cases, 85 (16 per cent) were classified as “inactive. 
Two hundred fifty-eight (50 per cent) were acute but. uncomplicated. 
One hundred seven (21 per cent) exhibited extraappendiceal localization 
(either abscess or local peritonitis). There were 6S with general peri- 
tonitis (13 per cent). There were thus 433 cases of acute appendicitis. 

1. Inactive Cases .— This group consisted of S5 patients in whom the 
diagnosis was based upon the history alone. They were seen m a 
quiescent stage, the diagnosis having been made by the home physician 
who referred them to the hospital after the attack had subsided. 

Postoperative complications encountered in this group were 3 in- 
stances of wound infection, 2 of bronchopneumonia, 1 of upper respira- 
tn ‘ infection, and 1 of atelectasis. 

2 Uncomplicated Acute Cases .— There were 25S cases of uneom- 
ulicat^d acute suppurative appendicitis, of which 131 were females and 
127 males The average age of the group was twenty-one years. 

One hundred sixty-three were operated upon immediately, without 

operation, are .1,0,1 a, e rncrn. perltonm.,. etc. 

treated consenti*''’- 1 . . 
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of the cases with general peritonitis. Diarrhea was an infrequent symp- 
tom, being present in 7.7 per cent of the simple eases. Of the com- 
plicated cases, 20 to 25 per cent had diarrhea, of which one-fourth had 
taken cathartics. 

Suppurative Complications . — Death in appendicitis is almost always 
due to intraperitoneal suppuration. Suppuration may localize in any 
quadrant of the abdomen, in the euldesac and in the subphrenic area. 
Suppurative pylephlebitis in this series was a rare complication. 

Of 107 cases of localized suppuration 33 cases were submitted to im- 
mediate operation because of the failure to ascertain clinically that the 
process had spread beyond the appendix. 

In 55 cases, because it was evident that an extraappendiceal compli- 
cation was present, conservative therapy was instituted upon admission 
to the hospital. In only 17 of these did the inflammatory mass fail 
to resolve, necessitating surgical drainage of the abscess. 

Forty-five cases of generalized peritonitis were treated conservatively. 
Twenty cases developed localized inflammatory masses; 13 of these neces- 
sitated incision and drainage in hospital. Seven subsided without surgi- 
cal intervention. 

Time of Operation . — Immediate operation was carried out in 47 per 
cent of all the acute cases. In 45 per cent, operation was deferred to a 
later date. Eight per cent of the cases were not operated upon. 

Total Complications . — There were 22, or 3.8 per cent, wound infec- 
tions; 25, or 4.S per cent, respiratory complications. Five (1 per cent) 
of the cases developed intestinal obstruction. 

ANALYSIS or DEATHS FROM APPENDICITIS: JANUARY, 1932, TO 
JANUARY, 1935 

There were 37 deaths in the whole group. Eight of these have been 
omitted from the study for the following reasons: one died from the 
anesthetic; 1 had severe Addison’s disease and developed appendicitis 
while moribund from that condition; 1 was not seen by the surgical 
staff; 2 had appendectomy elsewhere and were admitted in extremis with 
diffuse peritonitis; the remaining 3 were moribund on admission, and 
died within 24 hours. This leaves 29 eases to be analyzed. 

Sixteen of these were males and 13 were females. Nineteen were 
adults and 10 were children (15 years or under). The average age of 
the adults was 42 years. The average age of the children was 10 years, 
the youngest being 2 years. The average age of the entire series was 31 
years. Thirty-five per cent of the patients gave a history of recurrent 
attacks. The duration of the symptoms prior to admission to the 
hospital averaged about 75 hours. Fiftv-six per cent were seen 4S 
hours or more after the onset of the disease. 
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scesses, pyelitis, and postoperative hernia. Complicating factors en- 
countered in this group were 4 cases of diabetes mellitus and 2 of hyper- 
tension. 

Total Hospital Days . — The average hospital stay of those patients 
with uncomplicated acute appendicitis was 9.75 days; that of those with 
local complications (abscess, or localized peritonitis) 22 days; while 
those with general peritonitis averaged 23 days in the hospital. This 
includes the second stay of those readmitted for appendectomy. 

Duration of Symptoms . — The duration of the symptoms prior to ad- 
mission in the uncomplicated acute cases averaged 2.4 days. Sixty-six 
per-cent of these patients were seen before 4S hours. The duration of 
symptoms in those with local complications was 6.1 days, 34 per cent 
being seen before 48 hours; while in those with generalized peritonitis, 
symptoms had been present for 3.5 days, 45 per cent being seen before 
48 hours. Only 46 per cent of all cases were seen within 4S hours of 
the onset of symptoms. 

Sixty per cent of the cases with simple acute appendicitis, 33 per cent 
of those with local peritonitis, and 70 per cent of those with general 
peritonitis gave a history of repeated attacks. 

Cathartics . — Cathartics were taken by 6.5 per cent of the patients 
with simple acute appendicitis, by 29.0 per cent of those with localized 
findings, and by 28.0 per cent of those with general peritonitis. Forty- 
seven per cent of those who died had taken cathartics. Complete in- 
formation was not available in all eases. 


Bowers, analyzing the mortality record of twenty-eight Philadelphia . 
hospitals, showed that of those taking no cathartic during the acute 
attack, 1 in SO died; of those taking a cathartic once, 1 in 13 died; and 
of those who were purged more than once, 1 in 7 died. In a recent 


analysis Hobler found that repeated catharsis was associated with a 
mortality of 20 per cent. Since repeated catharsis usually means a late 
case, it is difficult, to evaluate the exact influence of catharsis alone upon 
the mortality. There can be no doubt, however, that the increased 
peristalsis and resultant increased intraappendiceal pressure which ob- 
tains may cause perforation of a tense gangrenous appendix and lead to 
dissemination of the infection. 


Physical Findings . — Pain and tenderness were the only constant find- 
ings being present in all cases. The average temperatures were 99.2° F. 
for uncomplicated cases and 101.5° F. for those with extraappendiceal 
extension The leucocyte count varied from 12,300 in the uncomplicated 
‘ t0 i 9 000 in the diffuse peritonitis group. The presence of a rapid 
nulse a temperature over 101°, and an increased leucocyte count are 
Se result of the systemic reaction following peritoneal contamination. 

’ mills were present in 3.8 per cent of cases of simple acute appendi- 
ces 11 per cent of the complicated cases with abscess, and 6 per cent 
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Table II 

University or Minnesota Hospital Cases From January 1, 1932, to 
January 1, 1935. (Sperling and Marion.) 



CASES 

DEATHS 

MORTALITY 
PER CENT 

Inactive 

85] 

L 343 

0 

0 

Uncomplicated acute suppurative 

258 J 

1 

1 

0.30 

Acute appendicitis with abscess formation 



3 

4.0 

Acute appendicitis with local peritonitis 

32 ] 

175 


3.2 

Acute appendicitis with general peritonitis 

GS 


23 

33.8 

Total 

51S 


29 

5.6 

All uncomplicated cases 

313 


1 

0.29 

All cases with complications 

175 


28 

16.0 


51S 


29 

5.6 


COMMENT 

Prior to 1929, every case of appendicitis admitted to the University 
Hospital was treated by immediate operation, regardless of the stage 
of the disease, unless the patient was moribund. Statistics from 1920 
to 1929 have been summarized by Tasehe and Spano. It is apparent that 
there has been some improvement; that is, a decrease in mortality in that 
group of cases which presented some localization of the process at the 
time of admission (abscess or .some local peritonitis). Our mortality 
in this group with abscess formation is 4 per cent. Reid, in a large 
series of cases treated by immediate operation, recently reported a mor- 
tality rate of 11.45 per cent. While it is obviously difficult to compare 
mortality rates in different series, such a difference would seem to be 
significant. 

While there lias been no great reduction in mortality rate in the group 
of cases with general peritonitis, it is noteworthy that the incidence of 
general peritonitis from 1932 to 1935 is four times that of 1920 to 1929; 
that is, 13 per cent as compared to 3 per cent. The mortality rate in 
this group of cases with general peritonitis, 33 per cent treated con- 
servatively, compares favorably with that of other series in which all 
cases were submitted to immediate operation. (Reid.) Although from 
a comparison of mortality rates alone it would seem that some of those 
patients will die regardless of the type of treatment instituted, it is our 
clinical impression that these patients with general diffuse peritonitis, 
many of whom were desperately ill when first seen, having been trans- 
ported one hundred to two hundred miles to the hospital, do better 
under the conservative treatment already described. 

'Hie question of when to operate is a difficult one, when patients 
arc admitted late in 1 lie course of the disease. If it is plain that the 
process has already spread beyond t ho walls of t lie appendix, immediate 
operation is not recommended, although it is admittedly often difficult 
to determine whether perforation has occurred. A long history coupled 
with a moderately severe systemic reaction (fever of 101° F* or more. 
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Pain was present in all cases, nausea in 96 per cent, vomiting in 86 
per cent, anorexia in 90 per cent, chills in 13 per cent, and diarrhea in 
17 per cent (13 per cent with catharsis, 4 per cent without). A history 
of catharsis was obtained in 47 per cent (14 cases). The cathartic was 
prescribed by a physician in 3 of these instances. 

Tenderness to abdominal and rectal palpation was present in all, 
rigidity in 97 per cent, rebound tenderness in S3 per cent, abdominal 
mass in 17 per cent, and a mass on rectal examination in 20 per cent. 

The temperature on admission averaged 101.2° F. The average pulse 
was 112, and the average leucocyte count 19,100. Polymorphonuclears 
averaged 84 per cent. Total stay in the hospital averaged about S days. 
Bight, patients lived less than three days after admission. Twenty of 
the entire group had diffuse peritonitis on admission. Eight had appen- 
dicitis with local complications (6 abscesses, 2 local peritonitis). One 
had simple acute appendicitis which was allowed to subside before 
operation, but died of complications incident to operation. 

Seven of the cases were treated by immediate operation, and in an 
equal number operation was deferred. Fifteen were not operated upon. 
In the cases in which operation was deferred, incision and drainage of 
a pelvic abscess through the rectum was done in 3 cases, and colpotomy 
was performed in one. Two patients were operated upon because the 
question of strangulation obstruction arose. Both proved to have gen- 
eral peritonitis and died following operation. 

Came of Death. — Twenty-three of the 29 patients who died were sub- 
jected to necropsy. Four more had been operated upon, so that the 
diagnosis was definitely established in 93 per cent. General peritonitis 
was the cause of death in 24 cases. There were 6 cases of abscesses m 
the culdesac, 4 of pneumonia, 3 of atelectasis, 3 of diabetes mellitus, 3 
of multiple abscess formation, and 3 of intestinal obstruction. There 
were 2 cases of pleural effusion, and 1 each of acute upper respiratory 
infection, of pylephlebitis with abscesses in the liver and gallbladder, of 
parotitis, of impetigo, of toxic nephritis, of local peritonitis, and of 
paralytic ileus. The cause of death was usually a combination of fac- 
tors with the toxemia of general peritonitis a common denominator. 


Table I 


ATYirTA I TTY STATISTICS OF UNIVERSITY OF MINNESOTA HOSPITAL CASES UliOM JANUARY 
MORTAL ! 1020 T0 J,\XUARY 15, 1929. (TASCHE AND RpaNO.) A LI, TREATED 
’ ’ by r.ifMEnrATE Operation 


============ 

— 

CASES 

DEATHS 

MOUTAMTY 
PER CEST 

Inactive 

Acute suppurative 
Acute suppurative 

with loeal peritonitis 

with abscess 

with diffuse peritonitis 

339 

72 

150 

11C 

21 

i 

i 

4 

11 

5 

0.3 

1.4 

2.5 

9.7 

38.0 

Tofu! 


700 

25 

3.1 
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This was done in order to search for gas under the diaphragm and thus 
rule out the presence of a perforating lesion of the gastrointestinal tract. 
These studies were all negative, including those in which perforation of 
the appendix had occurred; a walling-off process apparently effectually 
prevents any upward displacement of gas which may escape at the 
time of perforation. When the appendix ruptures, communication of 
the intestinal canal with the peritoneal cavity does not obtain in the 
same manner as when a break exists in the stomaeli or colon. 

One should refrain from any attempt to remove the appendix when 
draining an abscess in the right lower quadrant, if the appendix is 
embedded in the adhesions forming the wall of the abscess. By too 
vigorous manipulation, this protective wall may be broken and the 
infection spread throughout the peritoneal cavity, with disastrous results. 

Drainage . — Indiscriminate drainage of the peritoneal cavity is an 
error that contributes to postoperative complications, such as hernia, 
fecal fistula, adhesions, and intestinal obstruction. It results in a 
longer hospital stay and increases the mortality. It has been shown 
that draining the peritoneal cavity after an appendectomy, when only 
a cloudy protective fluid is found at operation, inhibits the defense 
reaction of the peritoneum. In such cases the patient makes a better 
recovery when the abdomen is closed tightly. Drainage without ade- 
quate indication is better omitted. 

Incision . — The McBurney incision is employed at the University of 
Minnesota Hospital. When correctly made, it affords adequate ex- 
posure and may easily be lengthened in either direction. It approaches 
the peritoneal cavity from its lateral aspect, and should pus be unex- 
pectedly encountered, it is drained through the lateral gutter instead of 
into the general peritoneal cavity. Shutc recently reported the mor- 
tality for the right rectus incision as being 33.3 per cent in the diffuse 
peritonitis group, 30 per cent in the group with local peritonitis, and 
33.3 per cent in those with early abscess formations; while for 
the McBurney incision he reported the mortality to be 16, 6, and 6.6 
per cent respectively. Reid recently reported a decrease in mortality 
from 9.5 to 5.4 per cent since the routine use of the McBurney incision 
was adopted. It has been proved bv experience that long incisions, 
allowing good exposure and free approach, are much safer than small 
incisions, which may necessitate too much traction during the most 
delicate part of the operation, that of freeing the diseased appendix. 
The edematous, gangrenous appendix may easily rupture during at- 
tempts to deliver it blindly through a "buttonhole” inc’sion. 


CONCLUSIONS 

1. The mortality from acute appendicitis is still too high. 

-. lho probable reasons for this high mortality arc (a) delay, (b) 
catharsis, (<A meddlesome surgery after Die infection has spread bevond 
the appendix. 
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elevated pulse rate, and marked phj'sical findings) usually point to 
peritoneal complications. In such cases conservative therapy is in- 
dicated. 

Patients admitted with a mass in the right lower quadrant arc like- 
wise best treated conservatively when first seen. Many of these masses 
will disappear spontaneously without surgery, and the patient can re- 
turn six to eight weeks later for operation when all the inflammatory 
reaction has resolved. If, however, fever persists, and a tender mass is 
encountered, it is apparent that an abscess is present, necessitating 
evacuation and surgical drainage. This is ordinarily best done through 
a lateral oblique incision which is an extraperitoneal approach. Collec- 
tions of pus in the culdesae may be drained by eolpotomy or incision 
through the rectum. Drainage per rectum carries with it a definite 
danger, as shown by the fact that two deaths followed this procedure. 
The introduction of bacteria from the rectum into the abscess cavity, 
establishing there a new bacterial flora, may have influenced the out- 
come. Incision and drainage of a pelvic abscess by rectum should be 
delayed until the mass is of good size and fluctuation can be demon- 
strated. Colpotomy in the female may he done without hazard. There 
were no deaths following this procedure. 

It is very important to differentiate between an inflammatory mass 
about the ruptured appendix, which may gradually resolve, and a true 
appendiceal abscess with gross pus formation. The infiltration type of 
mass should be left alone; i.e., treated conservatively. The true abscess 
should be drained through some extraperitoneal approach. 

Many of the localized masses, which were palpated on admission, dis- 
appeared under conservative treatment. Many of these when first seen 
no doubt represented loops of bowel matted together by omentum and 
fibrinous peritoneal exudate, and resolved without gross suppuration. 
In these eases, if fever persists and the mass does not recede in size, an 
accumulation of pus is usually present and should be evacuated. Fur- 
ther delay then is dangerous, as it invites rupture of the abscess into 
the general peritoneal cavity. Such a catastrophe is usually accompanied 
by a severe degree of shock, from which the patient fails to rally in 
spite of transfusions and other supportive means. Lethal exitus en- 
sues very rapidly. 

Suppurative pylephlebitis may possibly have its origin in undrained 
collections of pus in the peritoneal cavity. Tins complication, however, 
was observed only twice in our entire series of cases. 

Subplirenie infection follows perforated suppurative appendicitis not 
infrequently, but in our experience it usually subsides without the 
formation of an abscess requiring surgical drainage. In this scries it 
«-ns necessary to drain only one such stibphrcnic abscess. 

T , 0 £ the cases of diffuse peritonitis which were treated eon ■ 

servativelv films were made with the patient in an upright pos.t.on. 



EVIPAL ANESTHESIA: A CLINICAL STUDY OF 
THREE HUNDRED CASES 

J. E. Dunphy, M.D., R. E. Alt, M.D., Boston, Mass., 
and W. A. Reiling, M.D., Dayton, Ohio 
(From the Surgical and TJrological Services of the Veter Vent Brigham Hospital , and 
the Stirgical Service of the Beverly Hospital ) 

T HE introduction of sodium evipal to clinical use lias provided the 
surgeon with an anesthetic which is remarkable for its ease of 
administration, rapidity of induction, and freedom from unpleasant 
sequelae. Originally introduced as “the ideal anesthetic for short 
surgical procedures,” this new drug is possessed, on the one hand, of 
certain properties which make its indiscriminate administration dan- 
gerous, and on the other hand, of unique qualities which render de- 
sirable a widening of its scope to include more than “short surgical 
procedures.” In the following paper, certain characteristics of the 
drug with which we have been impressed during a two-jmar clinical 
study are reported. 

Evipal, or evipan, was introduced as an intravenous anesthetic by 
Weese and Scharpff 1 in 1932. It is a white, watei’-soluble powder, 
now supplied in one gram sterile ampules to be dissolved in water at 
the time of use to make a 10 per cent solution. Chemically, it is related 
to barbital, as it is made by the methylation of the mild hypnotic 
phanodorm The similarity of these compounds may be seen from the 
accompanying formulas (Fig. 1). 



Evipal Barbital 

Fig. 1. 

Most of the investigations upon which the clinical use of evipal lias 
been based were conducted by Weese 1 ■ 2 in the laboratories of the 
I. G. Farbenindustric, the German manufacturers of the drug. Weese 
reported that evipal had a wide margin of safety, as laboratory animals 
tolerated about three to four times the minimal active dose. When 
lethal doses were given, the respiratory center was affected before the 
heart, and if the anesthesia was not too deep, the animals could be 

imirtiratlnn. Niivemlior 2, I5.1fi. 
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3. Every case of appendicitis in which the process is confined to the 
walls of the appendix should be operated upon immediately. Those 
with cxtraappendiceal complications, such as abscess or diffuse peri- 
tonitis, are best treated conservatively. 

4. Operation after the first 48 hours of the disease should be done 
only in selected cases. 

5. The operative mortality is highest from the third to the sixth 
day, as the operation is done while nature is still trying to localize the 
infection. 

6. If an abscess is encountered at operation, too strenuous efforts to 
remove the appendix should be avoided, especially if it is buried in 
adhesions. 

7. Buttonhole incisions are best avoided. That of McBurney is rec- 
ommended. 

S. Indiscriminate drainage of the peritoneal cavity predisposes to 
postoperative complications and should be avoided. 

9. Drainage of culdesac abscesses per rectum carries a definite hazard 
and mortality. Colpotomy in the female is a relatively safe procedure. 

10. Five hundred and eighteen consecutive eases of appendicitis are 
reviewed. An analysis of the 29 deaths in this group during the three- 
year period (1932-1935) is presented. 

11. The mortality statistics of the group treated conservatively are 
sufficiently good to merit a continuation of this type of treatment in the 
hope that we will learn to use it more intelligently os time goes on. 

12. The treatment of diffuse peritonitis is still unsatisfactory, and 
the mortality is still high (33 per cent). 
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levived by artificial respiration. In contrast to the previously known 
barbiturates, evipal was remarkably free from manifestations of in- 
creased excitability and was very quickly destroyed bj r the body. In 
the rabbit, one-half of the maximal narcotic dose was broken down 
in thirteen minutes. Weese considered the liver to be the principal 
detoxifying organ, because hepateetomized animals awoke more slowly 
from the effects of the drug than normal or neplirectomized animals. 
Maloney and Hertz 3 have confirmed the observations of Weese in re- 
gard to the coefficient of effectiveness of evipal. They found the toxic- 
anestlietie-hypnotie ratio in rats to be 100:36:18. Observations on a 
small number of dogs have convinced us that freedom from excita- 
bility is not invariable ; that morphine seems to deepen and prolong 
the anesthesia ■ and that there is a great individual variation in the 
effective dose, as Weiss 4 has emphasized as a characteristic of the 
barbiturates. 


CLINICAL OBSERVATION 

During the last two years, over 300 operations have been performed 
under intravenous evipal at the Peter Bent Brigham and Beverly Hos- 
pitals. As can be seen from Table I, this included a wide variety of 
operative procedures. No attempt has been made to limit the use of 
evipal to the so-called “good-risk" patient, but in selected instances, 
we have used the drug whenever its singular qualities were particularly 
indicated. Comparatively few patients suffered, however, from con- 
ditions of serious magnitude other than the surgical condition requir- 
ing operation. A few were cardiac patients; one had intractable 
angina; six suffered from moderately severe diabetes; two had ad- 
vanced tuberculosis; and three had chronic glomerular nephritis. In 
none of these cases were untoward reactions observed, but in all but 
one of these patients, the operative procedures were of a minor nature, 
and the amount of evipal used was less than 10 c.c. 

In general, our observations are in accord with those of other in- 
vestigators. The intravenous injection of sodium evipal usually induces 
the rapid onset of quiet anesthesia which is not unlike natural sleep. 
Respirations are 'slowed and slightly deepened. The pulse if previously 
rapid from excitement tends to slow, and frequently there is a fall 
in blood pressure. Tonic or clonic contractions of muscles, more or 
less generalized, may occur during the stage of induction. These seem 
to be particularly induced by painful stimuli, and many persist 
throughout the operation if full relaxation is not obtained. In favor- 
able cases, with the use of preoperative medication, deep anesthesia 

fficient to dilate the rectum or open the abdomen can be obtained. 
Bv the fractional administration of the drug, a method which we be- 
lieve should invariably be employed, full anesthesia can he main tamed 

for an hour or longer. 
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SURGERY 


Most observers consider rapidity of recovery to be one of the ad- 
vantages of evipal anesthesia, but we liave found that the recovery 
rate varies considerably with the duration of the anesthesia. In simple 
cases, where only 3 to 5 c.e. of tJie drug are used, recovery is usu- 
ally immediate and is remarkably free from unpleasant after-effects. 
Occasionally, however, even with small doses, recovery may be pro- 
longed. Thus, in one case for no apparent reason, the recovery rate 
was prolonged to ninety minutes following the administration of only 
5 c.c. of evipal. When large doses are used, the recovery period is 
greatly prolonged. We have had patients remain unresponsive for 
several hours following the administration of intravenous evipal in 
amounts varying between 12 and 20 c.e. Although the recovery period 
even in these cases is usually free from unpleasant sequelae, from the 
point of view of the rapidity of the recovery alone, evipal has proved 
inferior to nitrous oxide for operations of long duration. In our 
experience, the use of carbon dioxide inhalations and coramine injec- 
tions has not shortened the recovery period, but it is only fair to say 
that we have used coramine in small doses only. 

Certain features of evipal anesthesia require particular emphasis. 
First, evipal possesses the disadvantage common to all intravenous 
drugs, that once administered, its action is irrevocable. This fact alone 
renders the fractional method of administration imperative. More- 
over, this inherent danger of the intravenous route is increased by a 
great individual variation in the effective dose. Thus, in one instance 
a young bo.v weighing only 134 pounds required 20 c.c. of evipal before 
sufficient relaxation was obtained to incise and drain an abscess of the 
leg, a procedure lasting only six minutes, while in another case, G e.c. 
permitted the total excision with endothermy of a large carbuncle of 
the neck in a woman weighing 229 pounds. The latter procedure 
lasted ten minutes. It is obvious, therefore, that no rule can be estab- 
lished in regard to dosage and, as described below, the fractional method 
of administration should invariably be used. 

It follows as a corollary of this variation in the effective dose that 


certain patients are highly resistant, to evipal anesthesia. In 5 per 
cent of our eases. 10 c.c. or more of evipal have failed to produce 
sufficient relaxation, even with preoperative medication with morphine; 


and in another 10 per cent, the relaxation, although sufficient to per- 
mit operation, has not been satisfactory. This constitutes one of the 
chief disadvantages of the drug, because as yet there is no way of 
predicting which patient will prove resistant. Two of our patients 
who were particularly difficult to anesthetize with evipal were negroes, 
Tt is our impression that the preoperative use of morphine is of defi- 
nite value in obtaining more satisfactory relaxation This was very 
strikingly exemplified in the case of a young negro to whom ev.pnl 
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SURGERY 


eases the attacks subsided as soon as full anesthesia was obtained, but 
recurred in an equally alarming manner during the recovery period. 
For the present, we consider a history of asthma to be a contraindi- 
cation to evipal. 

Rapidity of recovery and freedom from unpleasant sequelae are 
considered to be two of the great advantages of evipal anesthesia. 
Exeepit as we have already emphasized, that recovery may be greatly 
prolonged if large doses are used, our experience confirms this impres- 
sion. Nausea and vomiting are rare, occurring in 2 per cent of our 
series. Headache is not common • it occurred in 6 per cent of our 
patients. Postoperative excitement is occasionally encountered, par- 
ticularly in alcoholics. Although usually transient, it rendered one of 
our patients quite unmanageable for several minutes after regaining 
consciousness. Pulmonary atelectasis occurred in 3 per cent. As most 
of our patients suffered from comparatively minor surgical conditions, 
it is fair to say that in major surgery the incidence of pulmonary 
atelectasis would not be lower after evipal than after another general 
anesthetic. 

A postoperative complication of considerable importance is a state 
of amnesia. Five of our patients suffered from this condition for 
periods of thirty minutes to twelve hours after apparent complete 
recovery. "We consider this a contraindication to the use of evipal on 
out-patients, unless they are to be hospitalized or special arrangements 
are made to care for them during their return home. Other examples 
of damage to the nervous system following evipal anesthesia are the 
ease of complete paralysis of the trunk, lower limb, and distal portions 
of the upper limbs reported by Landor and Sa Hell; 9 the case of 
markedly increased intracranial pressure reported by Landau and 
Wooley; 10 and the case of polyneuritis reported by Palmer. 11 It is 
difficult to evaluate these complications. We have had no similar 
difficulties, and none have been observed in the very large series of 
Jarman and Abel. 0 

FATALITIES 


Reported fatalities due to evipal anesthesia have been rare. Sfimpfl 12 
in an analysis of eleven deaths found in most eases a relative over- 
dosage. It is worth noting, however, that all of his eases received 
less than 10 c.c. of evipal, and in one instance only We e.e. . This 
a"ain serves to emphasize the importance of individualization in the 
use of sodium evipal intravenously. Attention must he directed, not 
„„ m uch to the total amount, as to the time in which any given amount 
. a( j m i n i s terecL In StimpfTs cases, the manner of death appeared to 
L Pm mllY divided between respiratory and cardiac failure. 

^ our own experience there have been no fatalities attributable to 
1 , ,, „ c ; n nlthou"li three patients who have had evipal have 
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operation. In all tliree cases, recovery from the anesthesia was com- 
plete, the patient dying of the condition for which the operation was 
undertaken. One of these cases, that of a man forty-five years of age 
who was suffering from extensive actinomycosis of the lungs, pleura, 
liver, and brain, is of particular interest. This patient received evipal 
on six different occasions, five of them within a period of five weeks 
before death. The total amount given was 30.5 c.c. Careful post- 
mortem studies of the brain, liver, and kidneys have shown no changes 
which could be attributed to evipal. 


TECHNIC 


After a study of our first one hundred evipal anesthesias, the fol- 
lowing technic was adopted, and is being used at present with minor 
variations at the Peter Bent Brigham and Beverly Hospitals: 

(a) Preoperative Preparation . — Breakfast is withheld from patients 
routinely. On several occasions we have given evipal to patients 
within an hour after a heavy meal without ill effects, but this should 
be avoided if possible, as untoward reactions have been reported. 13 
For procedures of short duration, such as the incision and drainage 
of a small abscess, no preliminary medication is given. For a longer 
operation such as cystoscopy, transurethral resection, rib resection, or 
abdominal section, preliminary medication with morphine in doses of 
10 to 15 mm. is given one hour before operation. It has been argued 14 
that to add the depressant action of morphine to that of evipal in- 
creases the danger of respiratory paralysis. TVe are entirely in sym- 
pathy with this view, but feel that if the fractional method of admin- 
istration is used, there is not sufficient danger of respiratory paralysis 
to contraindicate premedication with morphine. Without premedica- 
tion the scope of evipal anesthesia is greatly limited, and increased 
dosage must be given. 


(b) Administration . — The operative field is completely prepared be- 
fore starting the injection. A suitable vein in the antecubital fossa 
is selected, and the arm extended in a comfortable position on an arm 
board. In our earlier experience, we insisted upon having an anes- 
Ihetist present in addition to the one giving the anesthesia to keep 
an accurate record of pulse, respirations, and blood pressure, and to 
hold the jaw, insert an airway, or administer oxygen if necessary. 
At present, in minor eases, a record of pulse, respirations, and blood 
pressure is occasionally omitted. The drug is dissolved in sterile water 
several minutes before the final preparations of the patient are com- 
pleted. Having the drug in solution for several minutes before the 
injection seems to help minimize tremors. Injection is made with a 
1 e.e. finer fi'.rk Syringe, using a good sized needle (No. 10). heeause 
i w operation is prolonged, there is less danger of clot tin« 
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(c) Dosage. As lias already* been emphasized, no rides regarding 
dosage can be established. To individualize correctly is the art of 
evipal narcosis. Depending upon the weight, degree of .excitement, 
amount of preoperative medication, and general condition of the pa- 
tient, iv e inject from 2 to i c.e. very rapidly (that is, 1 c.c. every ten 
seconds), and then wait thirty seconds to observe the result. This 
short pause following the initial injection is very important because 
as Killian 1 '* has emphasized, although the curve of effectiveness of 
evipal rises very quickly, the maximum effect is always reached after 
several minutes, so that it is possible to exceed the minimal fatal dose 
during the first few seconds of administration. This is particularly 
important if preoperative medication is used. 


In the vast majority of eases, following the initial injection, the pa- 
tient, who has been instructed to count, suddenly stops counting, takes 
a long sigh, and passes into a fairly deep anesthesia. Then one more 
cubic centimeter is injected, and the operation started. As needed, 
more evipal is injected in amounts of one-half to one and one-half 
cubic centimeters. If tremor is marked or there is extreme rigidity, 
more evipal is needed. Apart from obvious signs of awakening such 
as moving or moaning, the most helpful indications of the depth of 
anesthesia have been the rigidity of the jaw and the size of the pupils. 
If anesthesia is deep, the pupils are large and fixed, while with regain- 
ing consciousness the pupils become smaller and react to light. 

The question naturally arises as to how much evipal can be given 
at one time. Provided the condition of the patient is satisfactory, we 
have continued with the fractional administration of the drug until 
the operation was completed. In ten instances we have used between 
12 and 20 c.c. of the drug and have observed no untoward effects. 
It may be said, however, in regard to large doses, that there seems 
to be a progressively greater depressant effect of the drug when larger 
doses are used, with the result that recovery is frequently greatly 
prolonged. Although amounts of evipal as great as 30 to 40 c.c. have 
been administered 10 without apparent unfavorable result, our experi- 


ence would lead us to be very cautious in using over 15 c.c. 

(d) Postoperative Management. — Following the operation, the pul se, 
respirations, and blood pressure were taken at ten-minute intervals 
until full consciousness was regained. In minor eases this is no longer 
necessarv. Once consciousness has been regained, patients 
pemfttod to cat if they so desire. IVc ),„vo insisted npon 
natients remaining in the hospital overnight following evipal anes- 
thesia This was originally done ns a precaution m the use of a new 
L.Vnnd to provide an opportunity for a careful observation of the 
recovery period. Because of the occasional occurrence of amnesia, 
however we still hospitalize out-patients following evipal narcos, s, 
„ exceptions to this role only .» p.rt.onior tnstenees. 
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CONTRAINDICATIONS 


Jarman and Abel 7 consider liver damage, low blood pressure, tbe 
sitting position, and previous medication with barbiturates as definite 
contraindications to evipal. As the available evidence points to the 
liver as the principal detoxifying organ for evipal, it seems reasonable 
to consider jaundice, cirrhosis, or other evidences of liver damage as 
a definite contraindication. In our opinion, low blood pressure, the 
presence or imminence of shock, and marked debilitation also con- 
stitute definite contraindications. Agreeing with Feldweg , 8 we do not 
use evipal on asthmatics. 

Provided the potential dangers are appreciated and proper caution 
observed, however, we do not consider the sitting position an absolute 
contraindication to evipal any more than to avertin, which also causes 
a fall in blood pressure and depresses the respiratory center. Also, 
although we do not use barbiturates as a routine preoperative medica- 
tion, on a number of occasions we have supplemented spinal anesthesia 
by evipal, although large amounts of luminal bad already been given. 
No alarming reactions or difficulties were encountered. If the frac- 
tional method of administration is used, we see no reason why pre- 
medication with barbiturates should constitute an absolute contrain- 
dication to evipal. 

INDICATIONS 


Evipal has been hailed as the ideal anesthetic for surgical procedures 
which can be completed within fifteen or twenty minutes. Although 
it has proved preeminently satisfactory from the patient’s viewpoint, 
it is far from being an ideal anesthetic. The fact that it is an intra- 
venous anesthetic, and that once administered its action is irrevocable; 
the recognized uncertainty of its action based, perhaps, on individual 
idiosyncrasies to the drug ; the occasional difficulty of venipuncture 
in obese patients; the long recovery period, if the operation is pro- 
longed; the depression of respiration; and the necessity of having an 
anesthetist in addition to the one administering the drug, frequently 
have induced us to prefer nitrous oxide. 

On the other hand, we feel that the scope of evipal anesthesia may 
he extended to operations which may require thirty to forty minutes 
or even longer for their completion, and we feel that the singular 
qualities of evipal make it the anesthetic of choice for many operative 
procedures. Notably among these are the supplementing of spinal or 
local anesthesia, certain operations on the head or face, the closure of 
disrupted wounds, and operations under circumstances in which cum- 
h< rsomc appiuntus or means of restraining the patient durum induc- 
tion arc not easily obtained. 


The smoothness 
thctic of choice to 


and rapidity of evipal induction renders it the nnes- 
Mipplement spinal or local anesthesia on patients in 
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(c) Dosage . — As lias already been emphasized, no rules regarding 
dosage can be established. To individualize correctly is the art of 
evipjil narcosis. Depending upon the weight, degree of excitement, 
amount of preoperative medication, and general condition of the pa- 
tient, we inject from 2 to 4 c.e. very rapidly (that is, 1 c.c. every ten 
seconds), and then wait thirty seconds to observe the result. This 
short pause following the initial injection is very important because 
as Killian 1 -' has emphasized, although the curve of effectiveness of 
evipal rises very quickly, the maximum effect is always reached after 
several minutes, so that it is possible to exceed the minimal fatal dose 
during the first few seconds of administration. This is particularly 
important if preoperative medication is used. 


In the vast majority of cases, following the initial injection, the pa- 
tient, who has been instructed to count, suddenly stops counting, takes 
a long sigh, and passes into a fairly deep anesthesia. Then one more 
cubic centimeter is injected, and the operation started. As needed, 
more evipal is injected in amounts of one-half to one and one-lialf 
cubic centimeters. If tremor is marked or there is extreme rigidity, 
more evipal is needed. Apart from obvious signs of awakening such 
as moving or moaning, the most helpful indications of the depth of 
anesthesia have been the rigidity of the jaw and the size of the pupils. 
If anesthesia is deep, the pupils are large and fixed, while with regain- 
ing consciousness the pupils become smaller and react to light. 

The question naturally arises as to how much evipal can be given 
at one time. Provided the condition of the patient is satisfactory, we 
have continued with the fractional administration of the drug until 
the operation was completed. In ten instances we have used between 
12 and 20 c.c. of the drug and have observed no untoward effects. 
It may be said, however, in regard to large doses, that there seems 
to be a progressively greater depressant effect of the drug when larger 
doses are used, with the result that recovery is frequently greatly 
prolonged. Although amounts of evipal as great as 30 to 40 c.c. have 
been administered 10 without apparent unfavorable result, our experi- 
ence would lead us to be very cautious in using over 15 c.c. 


(d) Postoperative Management. — Following the operation, the pulse, 
respirations, and blood pressure were taken at ten-minute intervals 
until full consciousness was regained. In minor eases this is no longer 
deemed necessary. Once consciousness has been regained, patients 
ma v be permitted to cat if they so desire. We have insisted upon 
mtients remaining in the hospital overnight following evipal anes- 
thesia This was originally done as a precaution in the use of a new 
‘and to provide an opportunity for a careful observation of the 
u ° . , ■Rp/innse of the occasional occurrence of amnesia, 
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tained, evipal is of great advantage. The question naturally arises 
as to whether or not evipal should be used in the office or home. 
Provided the necessary personnel to care for the patient and a supply 
of oxygen and carbon dioxide is available, this is permissible, and as 
knowledge of the drug increases, it may be used as freety in office 
practice as gas oxygen. At present, however, we would deprecate its 
use under circumstances in which a supply of oxygen and carbon 
dioxide, and an anesthetist in addition to the one administering the 
anesthetic are not available. Indiscriminate employment of the drug 
in our present state of knowledge may readily lead to fatalities which 
will discredit what seems to be a valuable adjunct to our anesthetic 
armamentarium. 

SUMMARY 

1. A clinical study of three hundred evipal anesthesias is presented. 

2. Certain dangers and contraindications are discussed. The impor- 
tance of individualization in the use of this new anesthetic is emphasized. 

3. A technic of administration is given and particular indications 
for this type of anesthesia are outlined. 
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good general condition. The change from a failing or incomplete 
spinal to general anesthesia can now be accomplished without the dis- 
tiessing struggle and disruption of the operative field which so often 
accompanied the change to ether or gas oxygen. Moreover, it is often 
surprising how long a spinal anesthesia can be supplemented by the 
use of only a few cubic centimeters of evipal. Combined with local 
anesthesia, evipal lias proved equally efficacious. Thus, for example, 
in patients in whom a prolonged general or spinal anesthesia is inad- 
visable, the abdomen may be opened under local anesthesia, a few 
cubic centimeters given to permit excision of a bladder tumor, or 
enucleation of an enlarged prostate, and then the closure completed 
under local anesthesia. 

For operations about the head and face, evipal is indeed ideal. It 
has been used extensively at the Peter Bent Brigham Hospital for 
dental work, including the reduction and wiring of fractured jaws. 
At the Beverly Hospital it has been used frequently in operations on 
the antrum, where it possesses the advantage that, although relaxation 
of the jaw is satisfactory, the cough reflex is usually preserved, pre- 
venting aspiration of foreign material. This preservation of the cough 
reflex, however, renders evipal somewhat less satisfactory for bronchos- 
copy and esophagoseopy than other anesthetics. Evipal has become prac- 
tically the standard anesthesia at. the Peter Bent Brigham Hospital for 
the incision or excision of large carbuncles of the neck, formerly always 
an annoying procedure under gas oxygen. It has also proved a great 
boon in the treatment of severe burns or lacerations of the face, requiring 
a general anesthetic for debridement and cleansing. It. should be noted, 
however, that the enthusiasm for evipal in operations about the head and 
neck must not be extended to the treatment of deep cervical phlegmons, 
where any general anesthesia which relaxes the muscles of respiration 
and deglutition is dangerous. 

Rapidity and ease of induction also makes evipal very satisfactory 
in the treatment of a disrupted wound. We have had two occasions 
to use it for this purpose, and not only has the relaxation been satis- 
factory, but the remarkable absence of struggling or straining during 
the induction has made what ordinarily is a most trying situation a 
comparatively easy one. It may be argued that the action of evipal 
is not sufficiently reliable to permit its use in so critical an emergency 
as a disrupted wound, but provided preparations are made to supple- 
ment with an inhalation anesthetic if necessary, this objection is not 
a valid one. Moreover, patients with disrupted wounds are often in 
rather poor general condition, and should require comparatively little 
evipal to obtain and maintain satisfactory relaxation. 

P'inallv under circumstances in which cumbersome apparatus, or 
means of ’restraining the patient during induction, are not. easily oh- 
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whole blood. The average sum of these figures was 4.05 per cent which 
was the average total loss of plasma and whole blood. The figure for 
the ■whole blood is necessarily included, because the animals died be- 
fore the red blood cells from the last bleeding had been replaced. The 
average increase in hemoglobin was 34 per cent of the control figures. 
When the bleedings were performed at six-liour intervals, the average 
loss was 2.4 per cent plasma and 0.2 per cent whole blood. The sum 
of these figures is 2.6 per cent which was the aA r erage total loss of 
plasma and whole blood. The average increase in hemoglobin was 
24.0 per cent of the control figures. 

Roome, Keith, and Phemister 11 found that an average plasma loss 
of 3.0 per cent body weight in a series of five dogs would reduce the 
blood pressure to a shock level. These authors found the terminal 
blood loss in this series to be 1.4 per cent body weight. This 
makes the total plasma and blood loss 4.4 per cent. The blood was 
concentrated by this procedure, but no figures in this regard are given 
in the report. The authors state that removal of less plasma than whole 
blood would produce death. 

The amount of plasmalike fluid lost in various shoclclike conditions 
has been found by various observers to be of the same order of mag- 
nitude as the figures quoted in the previous paragraph. This makes 
them of especial significance, and one of the purposes of this paper 
is to check them under slightly different circumstances. The maximal 
blood concentration producible by plasmapheresis lias also not been 
thoroughly studied heretofore. 

EXPERIMENTAL 

Dogs under barbital anesthesia were used throughout. Blood was 
withdrawn from one femoral artery into centrifuge tubes containing 
sodium citrate, and after centrifuging and removal of the plasma, the 
cells were reinjected into the opposite femoral vein. Tn certain ex- 
periments this was done using aseptic surgical technic, in others only 
chemical cleanliness was employed, and the results in the two groups 
showed no marked difference. The blood pressure was recorded by 
means of a cannula inserted into the right carotid artery connected 
to a recording drum. Hemoglobin (Sahli) and hematocrit (Van Al- 
len) determinations were made as controls and during the course of 
the experiment. Bleeding was performed at usually half-hour inter- 
vals or longer, and as the blood pressure fell, smaller and smaller 
amounts of blood were removed, so that tbe last lethal sample would 
be as small ns possible. After centrifuging, the cells were reintroduced 
without dilution. The results of eight experiments are given in Table 
1. ]t is seen that the amount of plasma removed averaged 4.0 per cent 
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OEVERAL workers have reported that in certain experimental or 
clinical shocltlike conditions, there is an extensive loss of plasma- 
like fluid into a loealty traumatized area. These authors have con- 
cluded that in many instances the amount of this fluid loss is sufficient 
to account for some of the symptoms present, and in certain cases to 
explain the resultant death itself. Analyses of the exudates have 
shown them to be similar to blood plasma in chemical composition, 
especially as regards protein content. Loss of such plasmalike fluid 
has been reported in burns , 1 ' 3 freezing , 4 bile peritonitis, fl tissue autolysis 
in vivo , 0 pneumonia and pulmonary edema , 7 portal and mesenteric 
obstruction,® and following release of an extremital constrictor . 9 

The question naturally arises as to whether the amount of such fluid 
lost from the circulating blood stream in these cases is sufficient to 
account for the morbidity and mortality involved. The amount of 
blood which will produce death when lost from normal animals has been 
differently reported by various observers. Boyce, Lampert, and Mc- 
Fetridge 10 reported that dogs could be bled 4.6 per cent body weight 
without shock or death resulting. Roome, Keith, and Phemister 11 
reported that 4.5 per cent blood loss would produce death in dogs, 
and Johnson and Blalock 12 found the same figure to be 5.1 per cent. 
Elman and Cole s found that death followed a 2.7 per cent loss of blood 
from hemorrhage in normal cats. Evidence obtained from plasma- 
pheresis experiments indicates that experimental animals cannot tolerate 
the loss of plasma as well as whole blood. These latter experiments 
are open to the objection that the reinjection of centrifuged cells after 
the removal of plasma may introduce factors that must be reckoned 
with besides the plasma loss. The centrifuged cells even if not liemo- 
lvzed may hasten the occurrence of death in an already weakened ani- 
mal Johnson and Blalock 12 found that dogs would die after loss of 
varying amounts of blood plasma by plasmapheresis dependent on the 
time interval. When the blood plasma was removed in amounts cqual- 
^ og per cent body weight at hourly intervals, the total amount 
Amoved in percentages of body weight varied from 2.5 per cent plasma 
and 10 per cent whole blood to 3.5 per cent plasma and 0.85 per cent 
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body weight and that the amount of blood at the terminal bleeding 
aveiaged 0.4 per cent, the total being 4.4 per cent. The average time 
fiom the first to the last bleeding was ten and one-half hours. 

In Experiment 6, with 7 bleedings totalling 2,500 c.c. and following 
centrifuging, 1,075 c.c. of plasma were removed. Eighty e.c. of the 
1,425 e.c. of cells were lost and not replaced. The last bleeding was 
done ten hours after the first, and after reintroduction of the cells, 
300 c.c. of plasma were slowly reinjected intravenously over a period 
of fifty minutes. The blood pressure was 86 mm., or lower, begin- 
ning three hours after the first bleeding, except for a four-minute 
period when it rose to 112 immediately after reinjection of cells before 
the plasma infusion was begun. The plasma infusion had practically 
no effect on the blood pressure which fell to 46 nine hours later. The 
dog died about 20 hours after the first bleeding. 

The average hemoglobin percentage in all the experiments before 
the plasmapheresis was begun was 95, and the final reading was 147. 
The initial and final hematocrit readings were 49 and 69 respectively. 
This represents an increase of 55 per cent over the control reading 
for the hemoglobin and 41 per eent for the hematocrit. 

COMMENT 

The unsuccessful attempt to restore one of the animals by reinjec- 
tion of the removed plasma is in accord with attempts to treat some 
other types of plasma loss. 5 No further discussion of this point will 
be made in the present paper. The amount of blood concentration 
obtained by radical plasmapheresis was found to be 55 per cent by 
hemoglobin estimation and 41 per eent by* the hematocrit reading. No 
especial significance is attributed to the difference in these averages. 
Possibly with plasma depletion, the cells lost water to the surrounding 
substrate and shrank. This would account for the greater increase 
in hemoglobin than hematocrit readings. The average increase in blood 
concentration of about 50 per cent of the control reading is greater 
than that found by Johnson and Blalock 12 (24 to 34 per cent). 

Johnson and Blalock’s experimental observation that a smaller 
amount of plasma would kill when removed slowly than when removed 
rapidly is of interest. In our experiments, the time between the first 
and last bleeding varied from four hours to twenty hours, and no 
especial difference was noted in the lethal amount of plasmapheresis. 

It is possible that once the blood pressure has been lowered, the longer 
it is allowed to remain at a low level, the more precarious the state 
of the animal becomes and the less plasma needs to be removed Inter 
nroduce death. This afTords a possible explanation for Johnson 
and Blalock’s results. It is also possible that the prolonged anesthesia 
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may have been a factor. Seeley, Essex, and Mann 15 have studied the 
i elation of various types of anesthetic agents to the development of 
traumatic shock. 

The amount of plasma removed in the eight experiments averaged 
4.0 per cent body weight. This is considerably more than removed 
by Johnson and Blalock 12 in the plasmapheresis experiments previously 
cited. It is of interest that it is also more than has been reported 
in various other shocklike conditions: burns, 3.2 per cent (Blalock 2 ), 
2.2 per cent (Harkins 3 ) ; freezing 2.6 per cent (Harkins, et al. 4 ) ; 
release of an extremital constrictor, 3.5 per cent (Wilson and Itoome 9 ) ; 
bile peritonitis, 2.5 per cent (Harkins, et al. 5 ) ; and intestinal manipu- 
lation, 4.5 per cent (Blalock 13 ). With the exception of the fluid re- 
covered in experiments on manipulated intestines, these figures are 
less than the amount of plasma which when removed by plasmapheresis 
will be fatal. The blood concentrations reported in several of these 
conditions, however, are as great as the maximal concentration pro- 
duced by plasmapheresis. Moon 14 has reported extensive blood con- 
centration in several shocklike conditions, and it is possible that in 
them there is a general leakage of fluid from the capillaries all over 
the body, as well as at the site of the local lesion. Hence in these 
instances, the local loss of fluid may not be the only lethal factor and 
may not be the cause of all the blood concentration. In plasmapheresis 
on the other hand, especially when done rapidly, it seems likely that 
the plasma directly removed is the cause of most, if not all, the Wood 
concentration and accompanying blood pressure fall. 


sujrarAnr and conclusions 

1. The amount of plasma which, when removed from experimental 
animals, will produce death was 4.0 per cent body weight. This is 
more than the local fluid loss reported by various observers in other 
shocklike conditions, as well as following plasmapheresis itself. 

2. The amount of blood concentration producible by plasmapheresis 
was not found to be greater than that in certain other shocklike con- 
ditions. It is possible, therefore, that in the latter there may he a 
generalized as well as a local fluid loss. 
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lowing various stimuli. Further clinical pathologic studies and necropsy 
reports of animals with experimental hypothalamic hypertension will be 
submitted. 

Table I 

Blood Pressure Responses in Hypertensive and Normal Dogs to Various 

Stimuli 


TEST 

NORMAL LOGS 

GOLDBLATT DOG 

DOG WITH HYPOTHALA- 
MIC INJURY 


B. P. 1 

| PULSE 

B. P. 

PULSE 

B. P. 1 

| PULSE 

Test 

130/ S3 | 

110 

200/120 

118 

242/130 


Exercise 

182/115 

132 

210/128 


290/148 

91 

Nembutal anes- 
thesia 

90/ 70 

84 

190/110 

i 

90 

120/ 60 

110 

Water at 5° C. 

204/122 

130 

202/124 

12S 

300/140 


Insulin hypo- 
glycemia 

178/110 

Variable 

230/130 

Variable 

290/175 ; 

Variable 
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PERSISTENT HYPERTENSION DUE TO HYPOTHALAMIC 

INJURY 
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(From the (Laboratory for Surgical (Research , Harvard Medical School, and the 
Surgical Clinic of the Peter Bent Brigham Hospital) 

jP ERSISTENT elevation of the systolic blood pressure in experimental 
* animals as the result of renal ischemia has recently been demonstrated 
by Goldblatt, et ah* This communication presents some observations 
on a canine with a resultant hypertension due to direct injury to the 
hypothalamus. The marked rise in systolic and diastolic blood pressure 
was discovered during routine postoperative studies on animals which 
had been subjected to procedures intended to produce diabetes insipidus. 
The hypothalamic area in a normal, mature, male beagle hound was 
exposed by the technic described by Crowe, Cushing, and Homans. 2 A 
three-millimeter transverse incision was made immediately posterior 
to the infundibulum, sufficiently deep to puncture the third ventricle in 
the midline. Five weeks following injury to the hypothalamus, the blood 
pressure had risen from a normal level to 242/130. Bradycardia was 
associated with the hypertension. As this phenomenon was striking, the 
animal was studied for a period of five months. During this time, the 
blood pressure remained persistently elevated. There were obvious 
pulsations of both axillary and femoral vessels. The femoral artery, on 
palpation, had a resounding snap, although no actual change in the vessel 
wall could be ascertained. There were no pulsations of the vessels in 
the eyegrounds, but increasing tortuosity and A-Y nicking developed. 
No hemorrhages appeared in the fundi. Exercise augmented the pulse 
rate but slightly from a level of SS to 100. There was a faint systolic 
whiff heard best over the base of the heart. (Roentgen examination of 
the heart revealed evidence of cardiac enlargement of 23 per cent over 
a period of four months. No disturbance of carbohydrate or water 
metabolism developed. For purposes of comparison, blood pressure re- 
sponses to various stimuli were carried out on canines with hyperten- 
sion due to renal ischemia and on normal controls. 

From Table I it can he seen that the animal with hypothalamic m- 
• ury showed a more labile response to various stimuli. The increase m 
nulsc rate under nembutal anesthesia has not been explained. The dog 
with hypertension due to renal ischemia showed a more fixed type of 
hypertension, with but slight change under nembutal anesthesia or fol- 
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In Memoriam 


HOWARD L. BEYE 
1886-1936 

T HE surgical profession lias lost one of its brilliant younger members by the 
untimely death of Howard L. Beye, professor of surgery at the University of 
Iowa, who was killed in an automobile accident near Marshalltown on September 29, 
193(5. 

Dr. Beye was born at Oak Park, 111., on September 24, ISSfi. He graduated from 
the University of Wisconsin in 1909, and received his degree in medicine at Rush 
College in 1911. During the following year and a half, he served as interne at Cook 
County Hospital, and at once began teaching as an assistant in medicine at Rush. 
In 1914, he came to Iowa City as an instructor in surgery at the Medical School of 
Iowa State University under his friend and teacher, Dr. Charles Rowan. He was 
appointed professor of surgery in 1924, and three years later succeeded Dr. Rowan 
as active head of the surgical department. He served overseas during the World 
War and was wounded in action at Chateau Thierry. Shortly after returning to 
Iowa City, lie was married to Ruth Kctclmm of Oak Park, and to them have been 
born six children, four girls and two boys. 

Dr. Beve's work in the field of surgery has won for him wide recognition and 
fellowship in outstanding societies. He was a member in good standing in the 
.Tolmson County Medical Society, the Iowa State Medical Society, the American 
Medical Association, the American College of Surgeons, the Western Surgical Associa- 
tion, the American Association of Thoracic Surgery, and the American Surgical Asso- 
ciation. Some weeks before his death, Dr. Beye had consented to accept a place 
on the Committee on Publications of Surgery. 

Dr. Beye had a wide interest in the field of general surgery, as can be seen from 
the diversity of his contributions to surgical literature during the past twenty years, 
but unquestionably his chief interest of late has been in the diseases of the thorax. I 
know of no better way of paying adequate tribute to his work and character than bv 
quoting from a personal letter which I received a few days ngo from his associate of 
many years. Dr. Frank Peterson, now head of the department of surgery at Town 
City: “His particular interest, as far as surgery was concerned, had been in diseases 
of the thorax. He had been spending innumerable hours in study and in the labora- 
tory improving his knowledge of the anatomy, particularly as related to the lung and 
mediastinum. -T list a few weeks prior to his death he had done a masterly pneumonec- 
tomy for carcinoma of the bronchus, with remarkably little postoperative reaction. 
Hint the patient died later from an unexpected complication was a terrible blow to 
him. His pas-dug lias left a terrific void for those of us who have worked with him 
these many years. There is nothing which can be said about him which will in any 
v.n o\cremphasi7e his ambition, bis honesty, and his straightforwardness. ” 


Enwtx X. Miixer. 
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"Wharton ■ yet in the book, he gives no definition whatever of minor 
surgery. Furthermore, the last edition included fractures and dis- 
locations, ligation of arteries, amputations, excisions, operations on 
nerves, removal of the vermiform appendix, lithotomy, eholecystos- 
tomy, and gastroenterostomy. If this be minor surgery, make the 
most of it! 

The extensive treatise of Foote, with its 752 pages, shows a better 
spirit, in that the reader is now and then referred to textbooks on 
“major surgery.” Its contents are carefully chosen. But the author 
does not tell us what minor surgery is. 

Of the newest books, one (1935) discusses fracture of the skull; 
surgery of the nasophaxynx, neck, jaws, and chest, with directions for 
operation in such conditions; diseases of the male and the female 
genital organs and of the extremities. Neither the eye nor the abdomi- 
nal cavity are considered ; hernia is described in detail. How much 
of this is major surgery? 

A hook (1935) of almost a. thousand pages, which has gone through 
three editions, follows about the same table of contents as the work 
mentioned above. In the preface to the first edition (1929), the sub- 
ject is defined as follows: “Minor surgery is the surgery which has 
a low mortality; which requires but few assistants; which generally 
is done in the hospital out-patient department or in the office. It 
includes the large majority of surgical cases; the everyday surgical 
conditions. All minor surgery potentially is major surgery; often a 
distinction cannot be made.”* Without- disparaging the methods of 
treating the subjects or the value of the volume as a book of instruc- 
tion (it is really an excellent and thorough treatise), objection must 
be made to the title. 

Moreover, the definition will not hold water. Most all our surgical 
operations have a low mortality; many can be done with “but few 
assistants;” some must be done, even so-called major operations, as 
emergencies in hospital dispensaries and in the office. If minor sur- 
gery “includes the large majority of surgical cases,” where do our 
major surgical eases come in? Finally, the author admits that “often 
a distinction cannot be made,” because “all minor surgery is potentially 
major surgery.” It is unfortunate that one should attempt to make 
the distinction. 


lo show my admiration for this author as a teacher and writer, 1 
have endorsed the larger work ( T< xt Hook of Surging, 1*1:16). so ably 
edited In him, and regard it as the best book of its kind now extant. 
His book on Minor Surging might be considered as the first volume of 
a combined work. The truth is, it requires much more knowledge and 
llllT many operations customarily classed under the head 


1 Jr. 
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What Is Minor Surgery? 


VV/’HEN ^ is remembered that principles are to guide us in surgical 
' practice and that success in applying these requires a hr ays dis- 
criminating judgment and a certain aptitude, it seems useless to create 
a division of surgery into major and minor — or, rather, to set apart 
so-called minor surgery as a special department. But this artificial 
division has come about in some way and has gradually assumed a 
popular position without, it is feared, a good reason for its existence. 


To seek a proper definition of minor surgery, to point out, if possible, 
its boundary lines, to call attention to the misconceptions and dangers 
which may arise from regarding it as a separate branch of surgery — 
these appear to be pertinent objects. 

One looks in vain for a definition of minor surgery which really 
defines. Search of textbooks and other literature shows a hopeless 
lack of uniformity, even of subjects embraced under the term. The 
definition given by Gross in 1882, which is the clearest to he found 
at that period, differs widely from the modern meaning. He calls 
minor surgery “an account of some of the more common instruments 
used in surgery, of the mode of making incisions, or of performing 
the elementary operations, the establishment of issues, the introduction 
of the seton, the application of the eauterj-, bleeding, and the art of 
bandaging and dressing.” Besides these subjects, some of which arc 
now obsolete, Gross discusses in the same chapter aspiration, skin and 
sponge grafting, transfusion of blood, hypodermic injections, vacci- 
nation, counterirritation, antiseptics, electricity, and massage. John 
Ashhurst (1889) has about the same subjects in his chapter on minor 
surgery. So does the American Text Bool: of Surffcrj/ ( 1S92 ), which 
adds remarks on the clinical thermometer, heat and cold, adhesive 
plaster, and collodion, now different from the more recent concep- 
tions of minor surgery ! 


Of the newest books on surgery in general, practically none contains 
a Specific reference to, or has a chapter treating of, this subject. There 
are however, several special works on minor surgery, small and large. 
Tt. is interesting to compare the contents of these volumes with the very 
different ideas on the subject which existed even twenty years ago. 
Most of the works on minor surgery published as late as forty years 
n eo were largely taken up with handaging. One of the oldest ,s by 
‘ ° esc 
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The strangest feature of the minor surgery propaganda is that such 
a division has no counterpart in other branches of medicine. We have 
heard nothing of minor medicine, minor obstetrics, minor neurology. 
Why not separate the big from the little things in these specialties? 
The wave has struck the diseases of women, and there has resulted 
the term, “medical'’ gynecology — whatever that may mean. These 
dissociations are not for the clearing up of the subject; rather they' 
tend to the confusion of it. 

When all is said and done, the question of what shall be considered 
as minor surgery is a matter of individual opinion. What one would 
regard as properly included under this arbitrarily erected department 
of surgery, another might consider as belonging to the larger subject 
alone. Such disagreements were manifest on asking the question of 
many professional associates, the replies varying from those who 
thought minor surgery to be that which was done without a general 
anesthetic, up to those who classed it as the performance only of those 
operations which are not per se dangerous to life. Most of us cannot 
define the subject to our own satisfaction, much less to that of others. 
It is not necessary to define it, or to set its boundaries, if we shall 
here apply the precept furnished by two important truths : the greater 
includes the lesser, and a chain is no stronger than its weakest link. 

— Hilbert /l. Royster, A.B., M.D. 

Rateigli, If. C. 
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of minor surgery (plastic operations, for example) than it does to 
execute certain procedures listed by some of our institutions as major 
surgery. 

No ' v > ^ le question naturally arises, where is the dividing line? 
Where does minor surgery end and major surgery begin? Or, if you 
please, where is the field of the term, major surgery, and who will 
essay a definition of that? If there is a major and a minor surgery, 
shoidd there not be a superlative degree — a supreme surgery ? The 
careless regal’d for terms, the tendency of authors and teachers to neg- 
lect what they would consider the smaller matters, and the encroach- 
ments of textbooks of minor surgexy, together with hazy and diverse 
ideas in the minds of individuals, have served to render the classifica- 
tion difficult or even impossible. Indeed, it appears that the only 
proper basis for distinction between a minor and a major surgical 
operation depends upon the one who does it. A definition might be 
made as follows: Minor surgery is that pari of surgical practice which 
is done hy the “minor surgeon.” The “major surgeon” also does what 
is included under minor surgery, though refusing to call it by that 
name; but the “minor surgeon” does not and should not do major 
surgery. Herein lies the danger. There is hardly a so-called minor 
operation which may not become a major one at any moment, and the 
more “minor” the surgeon, the more “major” the operation will be- 
come before he is through with it. The experienced surgeon does not 
try to locate the line of demarcation. 


Curettage, an operation for hemorrhoids, aspiration for empyema, 
and the open treatment of fractures and dislocations will be under- 
taken by those who would not think of performing an abdominal 
section, the resection of a rib, or the formal ligation of an artery. 


And yet, in each of the operations first mentioned, there is the pos- 
sibility of having to do one of those operations last named. Equal 
skill is required for both these classes of operating, but in the latter 
there are elements of risk, immediate and remote, which deter the 
average man from attempting what are called major operations. It is 
sometimes a matter of “nerve.” and “nerve” means simply knowing 
what you are doing. In surgery, familiarity breeds repose. 


It is by no means contended that the general practitioner should not 
do surgery; it is even urged that he do more and more, so that he 
mav become proficient in that which falls to his lot. and not shirk his 
responsibilities. lie should, however, understand deeply that the study 
of surgical principles is his duty, that surgery is the same wherever 
it. is needed that none of it is minor, and that all of it is surgery 
Let llim tune his judgment to his conscience, realize bis l.nutations 

(as everyone must), and do surgery, not minor surgery. 
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Encouraging series of such cases have been reported by Gross and 
Sachs, 200 Jelsma and Spurling, 201 and Penfield and Cone. 202 - 203 The 
last named authors attach great importance to the preservation of the 
sac as a means of preventing the subsequent development of the hydro- 
cephalus which frequently follows these operations. 

It is convenient to include in this section the great groups of cases 
of spasticity, athetosis, and related disorders, although, of course, many 
of these are not congenital, and, indeed, their etiology is often a matter 
of controversy. They have in common, however, the fact that all are 
disorders of the mechanism of movement.* 

Little or no progress has been made in the treatment of the purely 
spastic disorders (e.g., Little’s disease), although it is well to remember 
that Eoyle ’s pioneering sympathetic ramisectomies, 209 ’ 210 undertaken 
for the treatment of spasticity, helped to popularize a great new field 
of neurosurgery (cf. Section X). Further, some of these distressing 
cases probably result from birth injuries and may be prevented by 
prompt treatment immediately after birth (Munro 211 ). 

On the other hand, interest in the surgical relief of athetosis and the 
dystonias has been reawakened by recent neurophysiologic discoveries 
(Section I, frontal lobe). In 1932, Bucy and Buchanan 212 reported 
resection of portions of the premotor and motor cortex for athetosis of 
one arm, with complete cessation of the athetoid movements. Sachs, 213 
in 1935, reported three cases of athetosis treated by “subpial resection 
of the cortex,” an operation originally employed for the same purpose 
by Horsley 21 ' 1 in 1909. From Sachs’ description, it seems probable that 
portions of both motor and premotor areas were included in the tissue 
removed. The results were very satisfactory. A case having a resection 
confined to the premotor area by Pilcher 215 had a recurrence of athetoid 
movements several weeks after the almost immediate return of voluntary 
motion. 


Meantime, Putnam 210 devised an operation for athetosis which con- 
sisted of section of the anterior or anterior and lateral extrapvramidal 
tracts high in the spinal cord. In four cases (two of postencephalitic 
athetosis and two of familial dystonia musculorum), considerable im- 
provement resulted, while in two eases of paralysis ngitans, slight im- 
provement occurred in only one. Oldherg 217 has used a similar opera- 
tion tor nlhetosis with satisfactory results in some eases. 

Spasmodic (or spastic) torticollis is another disoider of movement 
whose somatic dialogic aspects bring it into the group under discussion. 
However, in almost all, if not all, eases, there is an additional psycho- 
motor element which plays a large pari in its symptomatology as well as 
in the therapeutic results. Space does not permit a discussion of this 
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V. CONGENITAL DISORDERS AND THE SPASTIC STATES 


' I ’HE disorders to be discussed in tliis section have long been a bite, 
noir to the neurosurgeon, and though recent progress gives promise 
of improvement, they are still among his most difficult problems. 

Since the beginnings of medicine, the distressing problem of hydro- 
cephalus has defied solution (cf. Weed , 157 and Cushing 1 * 8 ). Until re- 
cent years, most operations designed for the relief of the “ communi- 
cating ” type had as their aim the release of dammed-up cerebrospinal 
fluid through some type of fistula, under the skin, into the retroperi- 
toneal tissues or into a ureter. These early methods have been discussed 
in a paper by Davidoff 1S0 whose ingenious experimental skin-tube opera- 
tion has not apparently been given a clinical trial. More recently, 
surgical efforts have been directed toward diminishing the production 
of cerebrospinal fluid by removal of the choroid plexuses from the 
lateral ventricles. This may be done through a small cortical incision 
(Dandy 190 ). The ventriculoscopic approach originally employed by 
Dandy , 101 and Mixter 102 has been used recently by Putnam , 103 ’ 101 and 
Scarff 103 for electrocoagulation of the choroid plexus, with very satis- 
factory results. 

On the other hand, the “obstructive” type of hydrocephalus (i.c., 
the type in which the obstruction lies within the ventricular system or 
at its outlet) may be treated either by attacking the obstruction directly 
(Dandy 100 ’ 107 ), or by providing a new cerebrospinal fluid outlet, through 
the floor of the third vcntrielcf (Dandy, 10 "' 1!,s Mixter 10 -). 

It is important to remember that any operation for hydrocephalus 
must be undertaken before extensive cerebral damage resulting from 
prolonged compression has occurred. 

A somewhat less gloomy picture is presented by the plastic operations 
for spina bifida and cranium bifidum. These congenital bony defects 
allow the protrusion of meningeal sacs containing cerebrospinal fluid 
with or without portions of the spinal cord, cauda equina, or brain. 
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from the subarachnoid space; Munro, 234 reporting 1,494 eases, believes 
this the most effective treatment and has repeatedly insisted upon its 
superiority. 235 ' 23c 

On the other hand, there is a considerable weight of opinion opposing 
both of these therapeutic methods. On clinical grounds, Sachs 237 ' 238 
condemns spinal puncture as too dangerous, and the method is also op- 
posed by Coleman, 239 and Dandy. 240 The latter also feels that the use of 
hypertonic solutions is unwise 241 and believes that subtemporal decom- 
pression should be employed in many eases. Experimentally, Sprong 242 
has shown that the rate of disappearance of blood in the cerebrospinal 
fluid is not affected by withdrawal of fluid, and Masserman ’s 243 * 247 
studies indicate that the rapid reduction of cerebrospinal fluid pressure 
by either intravenous injection of hypertonic solutions or lumbar punc- 
ture is likely to be followed by a secondary rise in pressure beyond the 
original level. This evidence is in confirmation of the previous observa- 
tions of Haug. 248 Recently hypertonic solutions of sucrose have been 
investigated (Bullock, Gregerson, and Ivinney, 249 and Masserman 250 and 
give promise of being more satisfactory than dextrose. 

This important controversy has been reviewed in a recent compre- 
hensive paper by Lehman and Parker, 251 who point out how little is 
really known regarding the mechanism of the changes following head 
trauma. In a valuable experimental study, the same authors 252 have 
shown that t he increased pressure following replacement of cerebrospinal 
fluid by blood is probably the result of the increased osmotic pressure of 
the cerebrospinal fluid. Considerable doubt is thrown upon the existence 
of “traumatic cerebral edema” (i.e., increased tissue fluid) by the ex- 
periments of Pilcher, 253 and the postmortem observations of Connors and 
Wright. 254 

The literature on wounds of t he brain has been recently reviewed by 
Pilcher, 255 whose experimental study demonstrated the dangers of inten- 
tion of foreign bodies, contamination of the ventricles, and failure to 
treat cerebral wounds promptly. An excellent clinical paper on com- 


pound fracture of the skull lias been published by Munro, 250 and Naff- 
zigor and Glaser 257 have studied depressed fractures in rabbits. The 
histologic aspects of bead injuries have been extensively studied by Rand 
and t ’ourville, 25 *" 2 ” 2 and others (ef. Sections IV and IX). 

Among the complications of bead injuries, subdural hematoma has 
iceeivcd considerable attention. Until very recently, those expanding 
lesions hn\e been thought to increase in size hv continuing venous bleed* 


im; tlntnam and rushing. 2 '’' Keegan, 2 ''* Leary 2 ” 5 ). However, Mc- 
Kenzie. and Gardner 2 ” 7 believe that the hematoma sac acts as a 
dialyzing membrane, permitting fluid to be drawn into the sac bv osmotic 
pi-essniy. and a careful study by Munro and Merritt 2 ”' seems to confirm 
tins opinion 1» McKenzie. 2 '” and Fleming and .Jones 7 ' 2 advised 

<\n< uatnm of t u- hematoma sac, rather than the mole extensive osteo- 
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interesting phase of the subject. The reader is referred to the papers 
of Foersteiy 04 Hassin, 213 Grinker and Walker, 219 and those presently 
to be cited. 

The early operative treatment of spasmodic torticollis was directed 
locally toward the sternocleidomastoid and associated muscles or the 
accessory nerves. It was gradually realized, however, that the deeper 
and more posterior muscles of the neck were involved, and extravcrtebral 
section of the upper spinal nerves was then advocated. Keen 220 first per- 
formed this operation in 1891, and there were no further innovations 
until 1924, when McKenzie 221 reported section of the upper three cervical 
anterior and posterior roots and spinal accessory nerves intradnrallv, 
on one side, by Cushing. The patient was greatly improved. McKenzie 
expressed the opinion that the anterior roots eould probably be spared 
without impairing the result. Foerster 222 had performed essentially the 
same operation four times in 1926 and, in 1929, he 223 advocated section 
of only the posterior roots. 

Finney and Ilughson 224 first realized that the disease is always actually 
or potentially bilateral and performed extravcrtebral section of the first 
three cervical nerves on both sides, with improvement in all but three 
of thirty-two cases (1925). The operations of Frazier, 225 ' 22,1 and 
Dandy, 227 both introduced in 1930, differ in that the former advocates 
bilateral section of the posterior roots of the first three cervical nerves, 
while the latter at first advised section of both anterior and posterior 
roots, but subsequently 228 of only the anterior roots of the same nerves. 
The two operations probably produce equally satisfactory results, and 
the choice depends upon whether one prefers the anesthesia or the motor 
paralysis (for which the unparalvzed muscles soon largely compensate). 


VI. INJURIES AND INFLAMMATION'S 


Injuries of the head and spine grow more numerous each year with 
the increase in accidents resulting from rapid automobile travel, and 
they constitute an increasingly common problem for general practitioner 
and neurosurgeon alike. Many important contributions to the subject 
have been made, but there is as yet no unanimity of opinion regarding 


the therapy of head injuries. 

Following the demonstration by Weed and his associates, 22 ' 1 ' 212 in 1919 
and 1921, of the reduction in cerebrospinal fluid pressure and in the 
bulk of the brain which follows the intravenous administration of hyper- 
tonic solutions, the nse of these solutions and of other "dehydrating’ 
methods has been widely advocated. The chief exponent of the dehydra- 
tion therapy lias been Temple Fay, who has written i.umerous papers on 
the subject! These are summarized in a recent publication.— 

\ not her wnlelv used method of treatment is that of frequent lumbar 
punctures for the relief of cerebral compression and the removal of him 
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of headache. The third, opinion, that of McKenzie; 80 " is that such cases 
should he given an “internal decompression” by removal of a portion 
of the tumor and should be spared the unsightly hernia and useless pro- 
longation of life produced by subtemporal decompression. 

On the other hand, the more benign gliomas (especially astrocytomas) 
should be radically treated by wide extirpation, lobectomy, or removal 
of the mural nodules of astrocytomatous cysts (Elsberg, 300 Frazier 290 ). 

Excellent general articles on brain tumors and pituitary tumors by 
McLean 307 ’ 308 have just appeared in Bumke and Foerster 's “Handbuch 
der Neurologie,” and similar papers have been published in recent years 
by Foerster, 309 and Adson, 310 in addition to the texts and sections in 
systems of surgery to be mentioned in Section XI. 

The results of operations for intracranial tumors have been brilliantly 
portrayed in several publications from Cushing’s clinic. His statistical 
study of the operative results in over two thousand classified tumors, 311 
with a total operative mortality of 11.9 per cent, ranks as a monument 
to the progress of neurosurgery. Similarly, the follow-up studies of 
Cairns, 312 ’ 313 and Van Wagenen 314 have proved the ultimate usefulness 
of tumor removal. 

The surgery of spinal cord tumors has long been well established. The 
sensory and motor ‘ ‘ levels, ’ ’ with or without nerve root pain and bladder 
and bowel disturbances, the Queckenstedt test, the increased protein con- 
tent of the spinal fluid (and its occasional xanthochromic color and 
spontaneous coagulation — the From syndrome), and the localization by 
injection of iodized oil, all combined to make the danger of incorrect 
diagnosis relatively small in most cases. Similarly, the treatment, espe- 
cially of extramedullary tumors, is a satisfactory phase of neurosurgery. 
Numerous valuable papers, however, have appeared in recent years. 

Harkins 317 ’ lias reviewed the still controversial question of the use of 
iodized oil and has pointed out its potentially harmful effects, but he 
confirms the generally accepted opinion (cf. Elsberg 310 ) that it is in- 
dispensable in the diagnosis of otherwise unloealizable tumors. Atten- 
tion has recently been called to the spinal cord compression produced 
by rupture of the intervertebral disc with herniation into the canal by 
Pcet. and Echols, 31 ■ Mixter and Barr, 318 Mixter and Ayer, 319 and 
Love and Adson. -" It. is now believed that many of the lesions 

formerly thought to be enehomlromns were of this type. Elsberg, 
long a leader in the field of cord tumors, lias continued to contribute to 
the subject,- 1 mid excellent general articles have been published 

by A > or, Spurring and Mayfield 324 Learmonth. 327 ' Adelstein and Pnl- 

terson, ‘ lingers,--' Taniaki, 33 ' Grant, 323 and Kcrnohnn. Woltjnnn, and 
Adson, 77 " among many others. 

li radiation therapy of the tumors of the nervous system and par- 
ticu ar \ oi t ic gliomas has been extensively studied in recent years 
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plastic exploration formerly emplo3 r ed. Furlow 270 believes this method 
is applicable only in selected eases, an opinion previously expressed by 
Rand . 271 

In this connection should be mentioned the important operative treat- 
ment of spontaneous cerebral hemorrhage, originally carried out by 
Cushing ,- 2 and Russell and Sargent 273 and recently revived by Pen- 
field ,-' 4 and Craig and Adson . 275 When employed in selected cases, the 
evacuation of the clot has been found to be a lifesaving measure. 

Three important contributions to the treatment of spinal injuries are 
the traction-manipulation reduction of dislocations of the cervical spine 
by Taylor , 270 and Brookes , 277 the skeletal traction of Crutchfield , 278 and 
McKenzie , 2,0 and the method of tidal drainage of the bladder devised 
by Munro . 280 

Kalin 281 has had very satisfactory results in treating brain abscesses 
by allowing their spontaneous extrusion through an overlying skull and 
dural defect, and Fincher 282 has reported success with very radical bone 
removal for osteomyelitis of the skull. The rarity of successful open 
drainage of pyogenic meningitis (Ruttin , 283 Walker and Bucy 284 ) em- 
phasizes the discouraging status of the treatment of infections of the 
central nervous system. 

VH. NEOPLASMS 


Advances in our knowledge of the diagnosis and treatment of brain 
tumors have come largely through studies of large series of cases. Many 
of these were referred to in the section on neuropathology. Notable 
among numerous others are a series of studies of the meningiomas as they 
occur in various locations by Elsberg and his associates , 235 ' 287 and 
Cushing and Eisenhardt ; 288 of frontal lobe tumors by Voids, Adson, and 
Moersch , 280 Frazier , 290 Sachs , 291 Baruk 292 Vincent , 203 and IColodn.V; 2£ ” of 
intraventricular tumors by Dandy; 205 ’ 200 of tumors producing unilateral 
exophthalmos by Elsberg, Hare, and Dyke , 207 and Voris and Adson; 2 ” 
of the acoustic tumors by Olivccrona ; 209 of the pontine gliomas by 
Bailey ; 300 and of the epidermoid tumors by Mahoney .™ 1 

The difficult problem of the proper treatment of the infiltrating 
gliomas of the cerebrum has been a controversial subject, particularly 
as regards tlie glioblastomas, probably the most rapidly growing of all 
brain* tumors. There arc three widely different opinions. In selected 
cases, Dandy , 302 and Gardner '' 03 have performed radical extirpation of 
entire right cerebral hemispheres (above the basal ganglia and thala- 
mus) This formidable procedure, in addition to its operative risk, 
parries the certainty of leaving the patient a permanent invalid o 
"'renter or lesser degree, even if the tumor is completely eradicate . 
There are certainly few oases in whom it is justifiable. 

ctmirlin" 304 however, feels that all patients in whom a glioblastoma 
S lud have only a wide subtemporal decompression for relief 
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must be remembered that these methods may destroy the entire ganglion 
and the motor root, in addition to involving certain other dangers (cf. 
Putnam and Hampton 363 ) . 


Section or injection of the trigeminal nerve afford equally complete re- 
lief for the pain of inoperable tumors in and about the mouth and face 
(Oliveerona, 367 Stiasny, 338 Putnam and Hampton, 363 and many others). 

Glossopharyngeal Neuralgia. — The ninth cranial nerve is tire seat of 
an excruciating neuralgia similar to that of the trigeminus, and intoler- 
able pain in its distribution also often results from inoperable neoplasms. 
Glossopharyngeal neuralgia was first described in 1920 by Sicard and 
Pobineau. 308 They sectioned the ninth nerve in the neck, an operation 
first performed a year earlier by Peet. 3fiD In 1924 Adson 370 suggested in- 
tracranial section, which was first done by Heath, 371 Fay, 372 and Daven- 
port, 3 * 3 for the pain of inopei’able tumors. Dandy 374 first, treated true 
glossopharyngeal neuralgia by this method, and this operation is now the 
accepted procedure (Peet, 375 Filatov, 376 Keith 377 ). 


Meniere’s Syndrome and Related Conditions . — It is convenient to con- 
sider here persistent vertigo and tinnitus, although it is by no means 
certain that they fall within the classification of cranial nerve tics. The 


etiology of Meniere's disease has been the subject of a number of recent 
observations. Some cases seem to be definitely allergic in character 
(Duke, 37S Proetz, 379 Urbach and Wilder 880 ). On the other hand, Fursten- 
berg, Lashmet, and Lathrop 381 * 382 have concluded, after careful study 
°1 a number of cases, that the condition is due to excessive retention 
of sodium and have obtained remarkable results by restriction of sodium 
111 *be diet. Foldes, 383 and Bucy 384 report confirmatory evidence. 

Meantime, after a number of sporadic surgical efforts,®’ a satisfactory 
operative treatment for intractable cases was firmly established in 192S 
b Dandy’s 380 report of nine cases of Meniere’s disease successfully 
boated by section of the eighth nerve. The use of this method in a 
''Umber ol cases was soon reported by Coleman and Lvcrlv, 300 and by 
"amis and Brain. 301 In his first paper, Dandy suggested the possibility 
of division of only the vestibular portion of the nerve, and this was first 
1 one in 1931 by McKenzie, 302 * 303 shortly followed by Dandy. 304 * 3 * Tiie 

latter 300 actually performed this differential section bilaterally in one 
case. 


peripheral and Visceral Pain. — The unbearable pain of inoperable 
l c vie carcinoma, amputation stump “neuroma,” and similar painful 
' anlitions ot irremediable cause has long been amenable to nemo- 
surgicai relief. Since its first use by Spillcr and Martin, 397 and Frazier 329 
* (fillers suggestion, the operation of anterolateral chordotomy has 
-^115 Proved value and has largely supplanted the older procedure of 
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and has yielded some encouraging .results. The first roentgen treatment 
of brain tumors was reported by Nordentoft, 331 - 333 and Christiansen 333 
in Denmark in 1918. These papers were followed by those of Pancoast 334 
in this country (1922), and Bremer, Coppez, and Sluys 333 in Prance 
(1923). Pancoast first observed that certain cerebellar tumors showed 
great improvement, and, after the gliomas came to be histologically 
classified, it was recognized that the cerebellar medulloblastomas are the 
most radiosensitive of all the gliomas (Bailey, Sosman, and Van 
Dessel, 33G Bailey 80 ')- The results with other tumor types are variable 
(Sachs, Rubinstein, and Arneson, 338 Dyke, 330 OJivccrona and Lys- 
holm 340 ). Recently, Davis and Cutler 341 have employed the actual im- 
plantation of radium into glioblastomas, and it is possible that the 
method may prove of value. Alpers and Pancoast, 342 and Bailey and 
0 ’Connell 343 have studied the effect of irradiation on brain tissue. 

Yin. THE CRANIAL NERVE TICS AND THE RELIEF OF INTRACTABLE PAIN 

When unbearable pain is of unknown or irremediable cause, symp- 
tomatic relief may usually be offered by interruption of the pain-bearing 
nerve pathways. This is the basis of one of the most satisfactory phases 
of neurosurgery. 

Trigeminal Neuralgia . — With the introduction by Frazier 344 ' 345 of the 
differential section of the trigeminal root, which leaves corneal innerva- 
tion and the motor root intact, the treatment of trigeminal neuralgia 
was placed upon a firm and rational basis, and this operation is still 
the procedure of choice of most neurosurgeons. Dandy, 348 however, in 
1925, began to do subtotal root sections in the posterior fossa, and has 
found this procedure satisfactory in a large number of cases. 340, 330 
Ivlemme, 351 who uses the temporal approach, states that very accurate 
subtotal division of the root can be obtained by splitting the ganglion 
from a point between the origins of the first and second divisions of the 
nerve backward into the posterior root. Preliminary alcohol injection of 
the peripheral divisions of the nerve, as a diagnostic measure and to fa- 
miliarize the patient with the numbness which will follow posterior root 
section, is strongly advised by Grant, 3 ” and by Ilorrax and Poppcn, 3 ” 
but is opposed by Dandy, 334 and others. 

Following its introduction by Uartel, 333 * 358 the injection of the 
"asserinn ganglion has been employed in Germany by Zander, 3 " 
Stiasny, 35S and Sgalitzer and Briickc, 359 in England by Harris, 3 '' 0 and in 
this country by Irger, 3 * 1, and Putnam and Hampton. 303 * In 1933, 
Ivirschncr 304 * 305 advocated coagulation of the ganglion by means of no 
electrode enclosed within a long needle which is inserted through the 
foramen ovale. This method has also been employed by Zenker. 3 '' 0 R 
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must be remembered that these methods may destroy the entire ganglion 
and the motor root, in addition to involving certain other dangers (cf. 
Putnam and Hampton 303 ). 

Section or injection of the trigeminal nerve afford equally complete re- 
lief for the pain of inoperable tumors in and about the mouth and face 
( Oliveerona, 367 Stiasny, 358 Putnam and Hampton, 303 and many others). 

Glossopharyngeal Neuralgia . — The ninth cranial nerve is the seat of 
an excruciating neuralgia similar to that of the trigeminus, and intoler- 
able pain in its distribution also often results from inoperable neoplasms. 
Glossopharyngeal neuralgia mas first described in 1920 by Sicard and 
Robineau. 3 ® 8 They sectioned the ninth nerve in the neck, an operation 
first performed a year earlier by Peet. 309 In 1924 Adson 370 suggested in- 
tracranial section, which was first done by Heath, 371 Fay, 372 and Daven- 
port, 373 for the pain of inoperable tumors. Dandy 374 first treated true 
glossopharyngeal neuralgia by this method, and this operation is now the 
accepted procedure (Peet, 373 Filatov, 37 ® Keith 377 ). 

Meniere’s Syndrome and Related Conditions . — It is convenient to con- 
sider here persistent vertigo and tinnitus, although it is by no means 
certain that they fall within the classification of cranial nerve ties. The 
etiology of Meniere ’s disease has been the subject of a number of recent 
observations. Some cases seem to be definitely allergic in character 
(Duke, 378 Proetz, 370 Urbach and Wilder 380 ). On the other hand, Fursten- 
berg, Lashmet, and Lathrop 381 * 392 have concluded, after careful study 
of a number of cases, that the condition is due to excessive retention 
of sodium and have obtained remarkable results by restriction of sodium 
in the diet. Foldes, 383 and Bucy 384 report confirmatory evidence. 

Meantime, after a number of sporadic surgical efforts* a satisfactory 
operative treatment for intractable cases was firmly established in 1928 
by Dandy’s 389 report of nine cases of Meniere’s disease successfully 
treated by section of the eighth nerve. The use of this method in a 
number of cases was soon reported by Coleman and Dycrly, 330 and by 
Cairns and Brain. 391 In his first paper, Dandy suggested the possibility 
of division of only the vestibular portion of the nerve, and this was first 
done in 1931 by McKenzie, 392 - 393 shortly followed by Dandy. 354 - 353 The 
latter '® actually performed this differential section bilaterally in one 
ease. 


Peripheral and 1 ixccral Pain . — The unbearable pain of inoperable 
pelvic carcinoma, amputation stump “neuroma,’’ and similar painful 
condition, of irremediable cause has long been amenable to neuro- 
surgical relief. Since its first use by Spiller and Martin. 397 and Frazier 398 
at tspillci h suggestion, t he operation of anterolateral chordotomv has 
Wn_of proved value and has largely supplanted the older procedure of 
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posterior root section in this type of case. The results of chordotomv 
have been recently improved by the researches of Foerster, 300 and 
Foerster and Gagle. 400 Other recent papers by Schuller 101 and Kalin 105 
have reviewed the progress and results of the operation. 

.Another procedure for the relief of peripheral and visceral pain was 
introduced by Dogliotti. 103 This consists of the intra spinal injection 
of minute amounts of alcohol. The method has been extensively em- 
ployed in this country by .Stern, 404 ’ 400 and recent papers by Abbott, 400 
Russell, 40 ' and Adson 408 indicate that it is of definite value in selected 
cases and in careful hands. Unless it is performed with the greatest care, 
there is a great risk of permanent motor damage (cf. Tureen and 
Gitt 400 ). 

The treatment of other painful conditions will be discussed in the 
section on sympathetic surgery. 


IX. EPILEPSY 


A consideration of true idiopathic epilepsy is not within the province 
of this paper. Able discussions of the subject have been published in 
recent years by Foerster, 410 Lennox and Cobb, 411 - 412 and Fay, 413 among 
others. With the progress of time, however, various types of convulsive 
seizures have been removed from the "idiopathic” group and shown to 
be amenable to specific therapeutic measures. 

Since the time of Huglilings Jackson, 414 the focal motor attacks which 
bear his name have been recognized as due, in many cases, to tumor, scar, 
or other localized and often removable lesion. 


re- 
Focrstcr 
in- 


Adequate surgical therapy of traumatic epilepsy has been given 
n ewe d impetus by the work of Del Rio Hortega and Penfield, 415 Foci'i 
and Penfield, 410 ’ 417 Penfield, 115 and Wortis and McCulloch. 410 These — 
vestigators have tlirowm great light upon the structural and functional 
basis of the epileptic seizures and have emphasized the localizing im- 
portance of the nature of the attacks and of encephalography, and the 
therapeutic importance of radical extirpation of cortical scars. The 
recent literature on traumatic epilepsy has been reviewed by Spurling. 420 

Of great importance is an outgrowth of this work, dealing with focal 
epilepsy not due to demonstrable gross cerebral lesion. In a careful 
study of seventy-five cases of Jacksonian epilepsy, Penfield and Gage 151 
have pointed out the localizing value of many types of aura and primary 
eonvulsivc symptoms, even in cases in which the convulsions immediately 
become generalized. Furthermore, Penfield 4 * 8 - 422 has withdrawn many 
, sc cases from the "idiopathic” group by proving their focal nature 
a tv,c shown that the convulsions may be cured by appropriate cortical 

alld /■ Who exact area involved is located at. operation by careful 
resection. T1 e enncl ^ ^ tas rcrfome.I 
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cases. It seems probable that more and more cases, hitherto considered 
idiopathic epilepsy, will be found to have a focal “trigger-zone,” the 
removal of which will result in abolition of the convulsions. 

The description of the syndrome of hyperinsulinism by Harris 423 ' 42 '' 
has shown that another large group of convulsive states is due to or 
exacerbated by hypoglycemia and is amenable to appropriate surgical 
or dietary therapy. (Cf. also Weil, 426 Carr, et al., 42, Graham and 
Womack, 428 Neilson and Eggleston, 429 McGavern 430 .) 

The study of all forms of epilepsy has recently been spurred by the 
organization of the International League Against Epilepsy, the Ameri- 
can branch of which was organized in 1936 under the presidency of Dr. 
W. G. Lennox. 


X. THE SURGERY OF THE SYMPATHETIC NERVOUS SYSTEM 


Modern sympathetic surgery had its beginning with the ramisection 
for spasticity performed in 1924 by Royle, 200 ’ 210 based on the experi- 
ments of Hunter. 431 True, the first cervicothoracic ganglionectomy was 
done in 1896 by Jonnesco 432 and the first periarterial sympathectomy by 
Jaboulay 433 in 1899. The latter operation was extensively employed by 
Leriche, 434 ' 437 but met with little popularity, probably due to the 
demonstration by Kramer and Todd 438 that the arterial nerve supply is 
distributed by main nerve trunks rather than along arterial trunks (cf. 
also ICuntz, 439 and Ranson 440 ). 

Although Hunter’s opinion is not now generally accepted (Ranson 440 ), 
and Royle ’s operation has not proved effectual for the relief of spasticity, 
it, nevertheless, resulted in the mushroom-like growth of an enormous 
new field of surgery. The following year, the use of lumbar ganglio- 
ncctomy for Raynaud’s disease was reported by Diez, 441 and by Adson 
and Brown, 442 independently; Royle 443 ' 444 promptly began to employ 
cervicothoracic trunk section (using an anterior approach) for Ray- 
naud's disease of the upper extremities. A posterior approach with 
resection of t lie stellate and second thoracic ganglia was developed by 
Adson and Brown 445 in 1929.* 

The use of sympathetic resection for Raynaud’s disease proved very 
satisfactory from the beginning (Adson, 447 Adson and Brown, 448 
Spurting, Jelsma, and Rogers, 449 Horton and Craig, 450 Young 451 ), and 
almost immediately its use began to be advocated for a great many other 
conditions. As is the case in any new field, many of the attempts have 
proved fruitless, and others are as yet of uncertain value. In several 
Upos of disoider, however, in addition to Ravnaud’s disease, svmpathetie 
surgery is of great value. 


In 1.L7, Yade and Royle 452 reported a case of Hirschsp rung's disease 

Judd and Adson 4,3 employed 

similar operation for nnplna 


... ....m; unci Koyic’-*- reported 

treated 'Y lumbar ramiseetomv. 
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ganglionectomy the following year, and Rankin and Learmonth 454 sec- 
tioned only the postganglionic fibers to the colon and rectum. It is now 
believed that the more radical procedure (Adson 453 ) is necessary, and 
the results of this operation are strikingly successful. 

Resection of the presacral nerve by Learmonth and Braasch, 450 ’ 457 and 
Adson 4 ’ 8 for cord bladder and other paralytic vesical conditions has re- 
sulted in marked improvement, and the same operation gives great relief 
in selected eases of severe dysmenorrhea (Leriehe, 439 ® Gotte and 
Dcchaume, 460 Adson and Masson, 401 Sliaul, 4 ® 2 Cannady and Bailey 403 ). 
When employed for chronic interstitial cystitis, however, the results have 
by no means been uniformly good (Douglass, 404 Van Dusen 465 ). Adson, 
Craig, and Brown 400 have reported the use of ccrvicothoracic sympa- 
thectomy for excessive sweating of the hands (hyperhidrosis) with ex- 
cellent results, and relief was obtained in similar cases by Roberts, 407 and 
Lerichc and Fi'ieh. 408 

Controversies still continue regarding the surgical treatment of poly- 
arthritis, angina pectoris, and essential hypertension. 

Any improvement which follows sympathetic surgery for polyarthritis 
(first reported by Rowntree and Adson 4 ® 9 ) can result only from an in- 
crease in the circulation of the affected joints, and only patients in whom 
the pain is relieved by local or bodily increase in temperature should he 
so treated. With careful selection of cases, favorable results may he 
expected in some instances (Rowntree, Adson, and Bench, 470 Bench and 
Craig, 471 Spurling and Jelsma, 472 Young, 473 Flothow 474 ). 

Angina pectoris has been treated by various operations upon the sym- 
pathetic nerves since the first operation for this purpose by Jonncsco 475 in 
1906. Relief of pain lias been often reported, but, at best, the results arc 
variable, the mortality rate high, and the contraindications numerous 
(cf. Lerichc and Fontaine, 47G ' 47S Cutler, 479 - 480 Coffee, Brown, and Hum- 
ber, 481 " 483 Adson, 453 Daniclopolu, 484 MacKetizic, 483 Bofer 480 ). In 192a, 


Mandl 487 reported temporary relief of angina pectoris by 1 ho para- 
vertebral injection of procaine, and the following year alcohol was used 
for the same purpose by Swetlow. 488 This procedure has since been used 
extensively by White 489, 490 with success in most cases. Empirically, 


paravertebral alcohol injection gives better results than any but the most 
radical operations, while being almost entirely free of the dangers of 
extensive surgical procedures. Scientifically, it has been given a sound 
rational basis by the recent experiments of White, Garrev, and Atkins. 4 -" 
who have shown that all cardiac pain is transmitted over the sympathetic 
nerves through the upper five thoracic posterior roots. This work also 
establishes the rationale of the multiple posterior root sections employed 
1 ,- D avis 493 White and his associates are careful to warn, however, that 
' ni-n vertebral alcohol block should be used only in selected patients 

* in. »,-,.« .».! 
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If essential hypertension, without primary renal or cardiac disease, be 
characterized by a widespread arterial constriction mediated through 
the sympathetic vasoconstrictor nerves, then a vasoconstrictor paralysis 
of a large cross-section area of the arterial bed should result in an im- 
provement in the elevated blood pressure. The renal and suprarenal 
nerve supply should also be abolished or diminished, thus producing 
further improvement. This is the basis of several operations recently 
proposed for this distressing condition. Adson and Brown, 493, 494 and 
Page and Hcuer 405 ' 490 sectioned the anterior spinal roots bilaterally from 
the sixth thoracic to the second lumbar, inclusive. Section of the 
splanchnic nerves subdia phragmaticallv by Craig and Brown, 49, and 
supradiaphragmatieally by Peet 498 - 409 has been employed, and Ad- 
son 455 ' r>oo ] las recen tiy added partial suprarenalectomy to Craig’s opera- 
lion. Varying degrees of success have been reported with these opera- 
tions, but it is yet too early to be certain of their ultimate effects. Allen, 
Lundv, and Adson™ 1 have stated that the immediate effects may be pre- 
operativcly predicted by observing the effects of pentothal anesthesia on 
the blood pressure. Recent experiments by Prinzmetal and Wilson 502 
have thrown some doubt on the primary premise stated above by show- 
ing that the vasoconstriction may not be of a central neurogenic nature. 
Time and further investigation should clarify this question. 

Operations on the sympathetic nervous system have been proposed or 
employed for scleroderma (Brown, O’Leary, and Adson 455 * 503 ), retinitis 
pigmentosa (Royle, 504 McDonald and McKenzie 505 ), and certain types of 
headache (Love and Adson 500 ). Excellent general discussions of sym- 
pathetic surgery have been published by Young, 507 Adson, 455 Leriche 
and Fontaine, 508 Livingston, 500 and Spurling. 510 

XI. THE TEACHING OF NEUROSURGERY 

In a telegram to the Harvey Cushing Society, meeting in Rochester, 
Minnesota, in 1936, Dr. Cushing said, “. . . [I] venture again to remind 
the Society in the words of Leonardo that, il is a mediocre pupil who 
does not excel his master." Though to do so may be deemed almost 
impossible, it is no less a tribute to Dr. Cushing and his contemporaries 
and older pupils that neurosurgery has attained its present status as a 
recognized and essential specialty, skillfully and intelligently practiced 
in all of the university hospitals and most of the larger cities of this 
and other countries. 

This extraordinary growth must lie attributed in large measure to the 
personal teaching and influence of relatively few great pioneers in the 
field. Neurosurgical cental's have arisen in Boston and Breslau, in 
Philadelphia and Stockholm, in Montreal, Baltimore, New York, St. 
Louis, Rochester, Chicago, San Francisco, and elsewhere, to which young 
men gravitate in ever increasing numbers for special training in this 
field. The establishment of great institutes of neurology and of closer 
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relationship between laboratories of physiology and pathology and their 
respective clinics have contributed greatly to the progress of neuro- 
surgery. A growing academic tendency has appeared, particularly in 
Boston, Chicago and Montreal, to group neurology and neurosurgery to- 
gether, with neuropsychiatry as a separate field. Such a logical arrange- 
ment, affords improved facilities for the teaching of students and pros- 
pective neurosurgeons alike. 

Concomitant with the invaluable personal teaching has come the pub- 
lication of numerous important texts and sections in systems of surgery. 
Among recent publications of this kind may be mentioned those of 
Sachs , 011 Bailey , 012 Spending , 013 Dandy , 11,0 Horrax , 014 Adson , 310 Poet , 515 
Mixter , 010 Elsberg, 5,r and Stookey .® 18 

Neurosurgery climbs on, then, to ever greater heights over “the 
clustered shoulders” of all those mentioned all too briefly in this limited 
summary and of many others as well. Much progress has been made, 
but greater discoveries await us. 

Kind friends, too numerous to list here, have been of great assistance by 
sending reprints and valuable suggestions. To all of them the author is grate- 
ful, but for errors of omission and commission lie nlono is responsible. 
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REVIEW OP THE TWENTY-SECOND ANNUAL MEETING OF 
THE RADIOLOGICAL SOCIETY OP NORTH AMERICA, 
CINCINNATI, OHIO, NOVEMBER 30 TO DECEMBER 4, 1936 


Leo G. Rigler, M.D., Minneapolis, Minn. 

( From the Department of Radiology, University of Minnesota) 


' | ‘HE annual meeting' of the Radiological Society of North America produced 
a number of papers of interest to surgeons. Only those contributions which 
were outstanding or particular^" interesting will be reviewed bore. In tho first 
session Dr. Oscar Lipschultz, of Minneapolis, presented a paper on Late Results 
in Traumatically Displaced Epiphyses. He reported tho end-results in a largo 
series of cases in which reexamination was made from eighteen months to eight 
years after an injury with displacement or fracture of an epiphysis. Comparison 
of the length of the injured bone with the normal side and with normal controls was 
made, and there were observations as to the presence of doformit}- or other growth 
disturbance. It appears that trauma to the epiphysis rarely results in functional 
deformity or disability. There may be some shortening or, in a few cases, some 
lengthening of the involved extremity, but this is usually insufficient to produco 
any disturbance of function. Furthermore, it would appear from his results that 
tho degree of reduction of tho displaced epiphysis 1ms relatively little relationship 
to the end-results. 


A very illuminating paper by Dr. Henry Snure and Dr. George D. Manor, of 
Eos Angelos, was presented on Roentgen Ray Evidence of Metastatic Malignancy 
in Bones. Dr. Snure pointed out that in many instances good roentgenograms fail 
to reveal evidences of metastatic malignancy in bones in which metastnses were 
later found at autopsy. Experimental work indicated that smnll erosions of the 
medullary canal could bo demonstrated only with great difficulty and frequently 
not at all in the roentgenogram. Changes in the cortex of tho bone wore much 
moro obvious. Metastnses to the spine are particularly likely to bo overlooked. 
The negative roentgen diagnosis, therefore, is not always indicative of tho absence 


of metastnses. 

Tho Incidence and Classification of Hiatus Hernias was discussed by Dr. 
Maurice S. Dwyer, of Seattle. He brought out the importance of tho recognition 
of theso hernias, that they arc much more frequent than has generally been con- 
sidered; he described in some detail the various classifications. 


Dr Ray Carter, of Los Angeles, presented a paper on Noncarcinomatous Tumors 
of the Stomach, in which he demonstrated that sarcomas of various types, neuro- 
fibromas, and numerous benign tumors, nil could bo demonstrated by roentgen 
examination as occurring in the stomach. These noncarcinomatous tumors are 
probably more frequent than has previously been supposed and their recognition 

is of groat importance. 

Experimental work on The Rato of Emptying of the Gallbladder in I-atlents With 
Gastric "and Duodenal Ulcer was reported by Dr. Edward A. Boyden. of M.nnc- 
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apolis. Dr. Borden presented data to show the effect of pregnancy, carcinoma, 
gastric ulcer, and duodenal ulcer on the rate of emptying of the gallbladder after 
a standard meal of egg yolks and cream. The curves, which can be plotted from 
careful measurements of the emptying gallbladder, indicate clearly that both 
gastric and duodenal ulcers cause increased rapidity of emptying of the gallblad- 
der, while pregnancy causes a marked delay in emptying. The exact mechanism 
of this effect of ulcer is not entirely clear, but it is possible that the tendency 
for a preliminary rush of the meal from the stomach into the duodenum, in cases 
of ulcer, may account for the increased rapidity of emptying of the gallbladder. 

. Dr. Edward W. Rowe, of Lincoln, Neb., presented a paper on Primary Tumors 
of the Small Intestine, reporting in great detail the findings in eight cases, and 
calling attention to the importance of repeated examinations of the small intestine 
roentgenologically, for the demonstration of these tumors which are very often 
overlooked. 

On December 2, there was presented a series of papers of considerable inter- 
est. Carcinoma of the Bronchus was presented by Dr. Lewis H. Clerf, of Phila- 
delphia, who emphasized the importance of both roentgen and bronchoscopic ex- 
aminations in patients suspected of carcinoma. He paid particular attention to 
the importance of wheeze as an early symptom and also called attention to the 
difficulties in bronchoscopic diagnosis of tumors of the upper lobe or of the 
peripheral bronchi. He directed attention to the fact that in the early stages of 
a bronchial carcinoma, obstructive emphysema might conceivably be produced, 
and that the observation of this in a roentgenogram might present a very impor- 
tant, early sign of carcinoma. Close cooperation between internist, roentgen- 
ologist,. and bronchoscopist is absolutely necessary to achieve a diagnosis of 
bronchogonic carcinoma. 


Roentgen Methods of Studying the Soft Tissue Structures of the Neck were 
discussed by Dr. W. Edward Chamberlain and Dr. Albert K. Merchant, of Phila- 
delphia. They reviewed the work that had previously been done on the demon- 
stration of the tissues of the neck, and showed clearly the importance of roentgen 
study particularly with relationship to tumors of the larynx. Paralysis of the 
vocal cords can readily be detected by fluoroscopic examination, while tumors 
extending into tho larynx or into the pharynx, inflammatory processes, foreign 
bodies, and various other types of morbid anatomy can be quite clearly delineated 
if tho proper technic is used. The paper was discussed by Dr. Brown and 
Dr. Iglauer, of the University of Cincinnati, who presented numerous cases to 
emphasize tho importance of tho roentgen examination of tho neck. 


Pulmonary Pneumocele, Certain Considerations in Cystic Disease of the Lung 
was presented by Dr. Carlton B. Peirce and Dr. Paul R. Dirkse, of the University 
of Michigan. Dr. Peirce pointed out that not all cysts of the lung arc necessarily 
congenital and that tho designation of a cyst as congenital, because of the absence 
of a definite preceding history of disease, is not necessarily correct. He demon- 
strated clearly, by a number of cases, that inflammatory processes of the lungs 
in earl\ childhood may cause stenosis of the bronchus; an air cyst mnv thus be 
produced in the lung and in many instances may remain permanently. In cases of 
this type, seen later in life, the tendency to diagnose this residual evst as comrcnital 
in orig'a * < he curbed. It is clcnrlv possible to produce n pneumatocele as n 

result of almost any type „f inflammatory process in tho lung. 
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sizo of lesion, (2) presence of ulceration or infection, (3) presence of gland ex- 
tension, and (•!) ago ot patient. Biopsy is nhvnys suggested. All cases hnvc 
irradiation to the neck area. Heavy doses of x-rays are used, and this is in- 
creased when fixed nodes are present. The radium pack is preferred when it is 
available. The local lesion may be attacked by surgery, radium, x-ray, or a 
combination. 


A paper on A Study of Radium Technic in the Treatment of Carcinoma of the 
Rectum was presented by Dr. Harry H. Bowing and Dr. Robert E. Ericke, of 
Rochester, Minn. Radium therapy of rectal carcinoma shows more divergence in 
methods of treatment than does the treatment of carcinoma elsewhere in the 
body. This is necessarily so, because of many factors peculiar to malignancy in 
this situation. Except when a colostomy has been performed, we are treating a 
part of the body which cannot lie immobilized, but must continue its daily func- 
tion during treatment. Even if a colostomy has been performed, wo are treating 
a field which is always infected and cannot be rendered aseptic. The general 
state of health of the individual patient lias an important bearing on the selec- 
tion of methods of treatment; wo lire dealing with an ndvnnccd age group with 
shorter life expoctancy, and a large number have concomitant serious diseases of 
other orgnas. 


Dr. Hayes E. Martin, of Hew York, gave a paper on Peroral X-radiation in the 
Treatment of Intraoral Cancers. In many intrnoral growths, protracted x-rndia- 
tion is used as a part of the' treatment. If given through the skin of the cheeks 
and neck, adequate dosage may be followed by some Into degenerative clmnges 
in the skin, bone, or other deep tissues. At least a portion of these untoward 
effects may be avoided by the use of peroral portnls in conjunction with the usual 
methods of treatment. The technic was described in detail, the tube being placed 
within the mouth mid x-rays given with a shock-proof tube. 


The question Should the Method of Coutard Be Applied in All Cases of 
Cancer Treated by Roentgen Rays? was discussed by Dr. W. Edward Chamber- 
lain and Dr. Barton R. Young, of Philadelphia. It was emphasized that in cer- 
tain cases the massive dose method was superior to the fractionated dose and that 
it might constitute a serious error to apply the Coutard method in eertnin cases. 
Individualization of cases is of great importance, and the routine use of the 
Coutard method is to be decried. 


An important and original contribution Studies on the Effects of Neutron 
Radiation was presented by Dr. Robert Stone, of San Francisco. Dr. Stone 
and his associates administered RnNa intravenously and iiitrnduodennlly in a 
case of aleucemic leucemin with enlarged lymph nodes. They made careful 
measurements of the radioactivity of the blood of the patient himself, and of the 
various excreta during a period of several days. The decay took place almost 
completely in sixty to eightv-four hours and the elimination during this period 
was less than 10 per cent. As much as 53 me. eq. were given without any un- 
toward effects and, likewise, with practically no therapeutic results. In the dis- 
cussion, Dr. Robert Newell, of San Francisco, called attention to the radical dif- 
ference in the offects of RaNa as compared to RnCl. A dosage of the latter ns 
snail as 1/100 of that given by Dr. Stone produced severe— often disastrous— 
effects! The difference, no doubt, lies in the character of the decay, EaCl giving 
off alpha rays, while RaNa gives off beta rays. 

. - ium on Gastroscopy and Roentgenology in the Diagnosis of Diseases 

of the Stomach was preseated by Dr. Rudolph Schindler and Dr. Frederic Temple- 
01 r . Dr Ei b, Benedict and Dr. Richard Schatzki, of Boston; and 

° R KiriAta of Rochester, Minn. This was followed by an extensive discus- 
sion by 'authorities in these fields. There was general agreement among the 
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THE FORTY-FIFTH CONGRESS OF THE FRENCH SURGICAL 
ASSOCIATION, PARIS, OCTOBER 5 TO 10, 1936 


James C. White, M.D., Boston*, Mass. 

(From thr Massachusetts General Hospital.) 


A INTliRliSrilsQ symposium was held on grafting ovaries; it was published 
** in foil in “La presso mfidicnlc,” October 10, 103G. 

M. Mocqtiot, of Paris, reported on the findings in animal experiments: In gen- 
eral, the results of homografts are not nearly as good ns those following auto- 
grafts. Although some promising physiologic responses have been achieved in 
grafting ovaries from another animal of the same species and similar age, they 
have been definitely less successful than reimplantation of the animal’s own ovary 
aftor castration. Under those circumstances, evidence of ovulation and internal 
secretion has been observed over a three-year period. Grafting the ovarian tissue 
within the uterine cavity has been followed by successful impregnation. 

Moequot confirms Unlstcd’s law, that successful takes are more common in the 
complete absence of glandular secretion. Ho has found that massive grafts offer 
too small an area for adequate vascularization. On the other hnnd, multiple grafts 
in tiny fragments do not well resist tho defense reactions of the organism. The 
best method seems to bo to implant the ovary sectioned into’ two piecos 
(Pottinari). Grafts have been made in a great variety of plnces: in the parietal 
peritoneum and in the omentum, or within tho tubes or tho uterine cavity, in order 
to obtain the pnssngo of ova; in tho anterior chamber of the oyc for direct ob- 
servation; and in tho muscles when intornnl secretion alone is to be obtained 
Signs of regeneration have been observed at the end of a month with now formed 
follicles and corpora lutea. At the end of several months, the grafted tissue may 
appear nearly normal, but its bulk begins to diminish little by little. In guinea 
pigs some of the grafts have usod up their follicular reserve at the end of three 
to four months, nearly always at the end of two to three years. Durable results 
are increasingly difficult to obtain as one ascends the phylogenetic scale. 

M. Cotte, of Lyon, reported on h is personal cases of ovarian grafts in women, 
and reviewed tho results published in Prance and abroad: Ho lasting rosults 
have been seen in homografts taken from another woman and transplanted into 


one where castration has been followed by characteristic menopausal symptoms. 
Sippel, tho surgeon who lias had the greatest experience with this method, has 
concluded that ovarian homografts are always absorbed aftor a short period. 
Similarly, heterografts (from other species) are always destined to be absorbed, 
notwithstanding some of the reports published by Yoronoff. 

Good evidence, however, exists that autografts, made by reimplantation of 
healthy ovarian tissue at the time of operation, can bo successful. Their use 


has two principal indications: 

1 In young women whose tubes are hopelessly diseased and for whom salpingoc- 
tomv is unavoidable, it is occasionally possible to graft a healthy ovary within 
the uterine cavity. It is much better to transplant the ovary with its pedicle 
intact than to attempt a free graft. Cotte reports 200 such procedures, fol- 
lowed by pregnancy in twenty-one instances, lmt a third of these terminated in 

miscarriage at the third or fourth month. 

„ Trl * of advanced pelvic inflammatory disease where a salp.ngo-oophorec- 

tomy must be done, Cotte discusses the value of implanting free grafts of small 
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bits of undiseased ovary. He states that in well-selected cases such grafts often 
prevent the symptoms of premature menopause which follow castration. 

When employed with judgment in eases where conservative partial resection of 
the ovaries or salpingectomy is impossible, Cotte concludes that such grafts are 
worth while. This is particularly true when it is possible to preserve the uterus. 
In his personal statistics of 92 such cases, where portions of ovary were grafted 
in the omentum, menstruation was reestablished in 65 out of the 74 patients which 
were followed. This generally takes place at the end of three months, but in 
severe cases of pelvic inflammation, it may be delayed for seven months. His- 
tologic examinations of the grafts have shown a reduction in the number of 
primordial follicles and often a cystic degeneration. As a result, the physiologic 
activity of such grafts cannot be expected to last as long as that of the normal 
ovary. Luteinization often occurs without rupture. Examinations of the uterine 
mucosa made by Bourg show perfectly normal evolution, which is the best test of 
the physiologic activity of the graft. 


THE THIRD CONGREvSS OF THE INTERNATIONAL 
SOCIETY OF ORTHOPEDIC SURGERY" 

Ralph K. Ghormley, M.D., Rochester, Minn. 

(From the Section on Orthopedic Surgery, The Moyo Clinic) 

'"THE Third Congress of the International Society of Orthopedic Surgery met 
in Bologna and Rome, September 21 to 25, inclusive, with Professor Ombre- 
danne, of Paris, as president of the Society. Professor Putti, of Bologna, was 
president of the Congress and as such did much to make a most impressive meet- 
ing for those who were privileged to attend. 

Bologna is a particularly suitable place for such a meeting, for several reasons. 
In tiie lirst place, it is a city of considerable historic interest, dating back as it 
docs to the prcChristian era. In the second place, it is the site of one of the 
oldest universities in Europe. The beginnings of this university date back to the 
eleventh century, wlicn^ student guilds existed. In the twelfth century the e 
guilds were grouped together to form the university. At lirst law was the only 
subject taught, but later other faculties were added. As Professor Putti pointed 
out, as early as 1420 a lectureship “in dislocations and fractures of b ones” was 
established. Bologna is also the site of the “Institute Itizzoli,” which has been 
in existence for more than a hundred years as a surgical institution, and from 
which has emanated some orthopedic procedures of the greatest importance. It 
has been a lender in the development of modern orthopedic surgery. Finally, 
Bologna was particularly suitable for such a congress because of the presence 
there, of I rofessor Putti, who is today one of the outstanding, if not the outstand- 
ing, orthopedic surgeons in tl,e world. He has been a leader in this rapidly de- 
veloping speeialtv and lias made several contributions of major importance to its 
literature. He is not only an excellent surgeon, but n teacher and leader as well, 
at" n muse of these attributes and his facility with languages, he is certainly 
t io outst.un mg member of the International Orthopedic Society. He was the 
originator of the idea of an International Orthopedic Society, and his presence 
1.1 the leading role made the meeting highly successful. 

of tile 'government "a ^ of " ,e Congress, and several oflicials 

us well ns of the university spoke. Professor Putti ’s presi- 
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deiilinl address reviewed the development of orthopedic, surgery and emphasized 
tlio concept ion of its scope, which originated with his predecessor, Alessandro 
Codivilin. "This conception,” lie snid, "is synfheticnlly expressed in the formula 
now universally accepted by which * orthopaedic ’ is the synonym of surgerv of 
tlio organs of movement.” lie further emphasized the importance of orthopedic 
surgery in tlio enro of increasing numbers of traumatic cases. The significance of 
this is emphasized by the fact that the Society later accepted Professor Putfi’s 
proposal to change its name from "The International Society of Orthopedic 
Surgery” to "The International Society of Orthopedic Surgery and Trauma- 
tology.” 

Tlio clinical meetings followed the first, day’s meeting, and they were devoted 
to discussion of internal derangements of the knee. Several speakers presented 
different phases of the subject, one of the principal speakers being Mr. Harry Platt, 
of Manchester, who reported on a series of 7 (lit cases of torn semilunar cartilage. 
The treatment in those cases has come to be fairly well standardized in the 
British Isles, where a great many such cases arc seen. In our own country, treat- 
ment has followed along much the same lines. It was interesting to hear from some of 
the representatives of other countries the type of operative approach employed in 
those cases; some of them seemed rallior radical. 


The second clinical day was devoted to a discussion of the subject of Arthro- 
rises in the Sequelae of Infantile Paralysis. The term "arthrorisis” is one not 
often heard in this country but is apparently widely used in Europe; it means 
"bone block.” The posterior bone block of Campbell has been widely accepted 
in American and in most European countries, but the Europeans have gone farther 
and produced bone block operations to stabilize tho ankle in all of its four direc- 
tions of movement, and tho knee in the anterior as well as posterior movement. 
It may also be used in tlio treatment of joints of tho upper extremity. It was 
difficult to ovaluato the results of these operative procedures from tho papers 
presented at the meeting. The posterior bone block of Campbell seems to be a 
procedure of recognized vnluo. Tho use of bone block to stabilize other move- 
ments of those joints is at least being attempted in Europe, and probably more 
time should be given before a final evaluation of these procedures is made. 

The third day in Bologna was given to the presentation of a variety of papers. 
One of tho outstanding papers during this session was presented by M. Faldini, of 
Milan, on immodiato subtrochanteric osteotomy in fractures of tho nock of the 
femur. The form of his presentation set an example for international meetings, 
inasmuch as he illustrated the procedure with a few simple charts and then gave 
the substance of his talk in a very short discussion, first in Italian, and then in 
English, French, and German. Finally, he presented about ten elderly women, 
all of whom had undergone the operation with excellent results. Several other 
interesting papers were presented on this day, and during tho afternoon the entire 
Congress moved on to Borne where the remainder of the papers wore road, and 
where an inspection was made of the Orthopedic Clinic in Some. 


Tho social events were beautifully planned and executed, Bologna with her 
ancient palaces lending herself admirably to such an occasion. The president’s 
dinner on the first evening was held at tho Palazza Podesta, a reception by the 
Municipality of Bologna at the Palazza Communale and a banquet of the Society 
at the Institute Bizzoli being the principal events. 

' Fvervono came away with a great deal of satisfaction and all those who at- 
. , , t w the meeting had been of high quality and had set a standard for 

^ s i 1m future. The next congress of the Society was sot for IMS. It is 
tl be held in Berlin, with Professor Haglund as president of the Society and 
Professor Gocht as president of the Congress. 



Book Reviews 


Neurological Surgery. By Loyal Davis. Clotli. Pp. “129, with 174 illustrations. 

Philadelphia, 193G, Lea & Febiger. $6. 

This book should very well serve the purpose for which its preface says it was 
written, ‘‘to give to the practitioner of medicine easily assimilable facts which will 
aid him in giving his patient accurate and sound advice.” This material, including 
all fields of neurologic surgery, has not been previously collected into a single volume. 
It is concise, but. it includes the fundamental facts about each condition in well- 
arranged form. The chapter divisions and subdivisions are made in large bold-faced 
type with good spacing which makes the book much better as a reference work 
and more easily read if it is used as a textbook. 

A valuable feature is the author’s account of his experience which follows the 
general discussion of a lesion. As a rule the total number of cases observed is in- 
cluded, making it possible for the reader to estimate with what background of 
experience the author’s opinions are weighted. Some of the most important refer- 
ences are given. The illustrations are excellent and the photography is good, but the 
plcthysmographs in Chapter XI in the form in which they are given require too 
much effort on the part of the reader to be of value in a book of. this kind. 

A few errors in grammar occur in the text. The style for the most part is clear 
and direct in this excellent book. 


Proctology. By Frank C. Yeomans. Second edition. Pp. 661, with 421 illustra- 
tions and 4 colored plates. New York, 1936, D. Appleton-Century Company, 
Inc. §12. 


He who undertakes the task of writing a general text must of necessity try to 
lend the impression of having an equal interest in all aspects of the subject matter. 
Rarely does he succeed in his cndeavov. The held in which the author’s richest 
experience lies beckons with an appeal which he cannot well conceal. For this lack 
of balance, the reader, however, is frequently well compensated by the more practical 
wisdom and mature judgments expressed in the sections of the author’s special in- 
terest. Most texts written by a single author are likely to be beset with this sin. To 
this weakness, this hook is no exception. 

The chapters on the anatomy of the anal canal and rectum, diagnostic methods 
and preparation for operation, hemorrhoids, fissure, fistulas, and electrocoagulation 
and surgical treatment of rectal malignancies will be found particularly instructive. 
In the discussion of amebic dysentery, the author points out that isolation of the 
organisms is much more likely when swabs arc made directly from the ulcers. This 
method would appear to have considerably more merit than the usual examination 
of the stool. 


Many of the chapters contain historical matter of great interest and carefully 
selected bibliographic references. Pertinent tables and good illustrations help to 
clarify the text. 

Surgeons "ho have had experience with operations for imperforation of the 
anal canal and rectum would not agree with the author’s statement that if the 
rectal pouch cannot Is? found after a ten-minute perineal dissection, colostomy 
should lie done. The author also is apparently unaware of the important paper of 
Wood .Tones upon the delimitations of the re’rtum. The author’s justification for 
i minting nine out of ten operations for imperforation of the rectum successful when 
' ! * ,XI,VI1 'luys of the time of operation would appear to require 
I \|. an.it "m. herons thirteen figures are employed to depict the variety of anatomic 

r'lniel "" iH r " nill " n . uni1 ,1 "’ ir Vilri!,I ' ,! * which may Ik- encountered, the value of a 
■ s' m-gniiii 111 the inverted posture receives I, tit mere mention, nnd this important 
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agency in deciding the order of magnitude of the operation necessary is not illus- 
trated. 

In the chapter on prolapse of the rectum, no mention is made in treatment of the 
Ekohorn posterior rectal fixation, of the strangulation of the prolapsed bowel over a 
tube by ligatures or rubber bands, and of flic Delorme and Whitehead procedures. 
Most surgeons would find the treatment of this subject matter incomplete without a 
discussion of these procedures. 

In the chapter relating to intestinal obstructions arising in the rectum and pelvic 
colon, the author states that the time clement precludes the employment of rocnfgeno- 
graphic aids, thereby indicating bow little experience be lias iuul with the problem 
of acute obstruction of the pelvic colon. He nlso fails to point out the danger of 
perforation in obstruction of the pelvic colon. The matter of the management of 
such obstructions is given no adequate discussion here. The consideration of the 
management of carcinoma of the rectum is excellent. The author finds radium a 
helpful adjunct, in the treatment of rectal malignancy. 

This monograph, however, is a valuable and practical treatise which can be read 
with profit by anyone who deals with rectal diseases. 


Minor Surgery. . Edited by Frederick Christopher. Third edition. Cloth. Pp. 1030, 
with 709 illustrations. Philadelphia, W. B. Saunders Company. $10. 


That three editions of Christopher’s Minor Surgery have been presented in seven 
years bespeaks a deserved popularity of this book. This text well supplements the 
crowded curriculum in the teaching of surgery in our medical schools, where as a 
general rule most of the time is spent on subjects of mnjor importance. 

In this third edition, the same excellent plan of the book is maintained, covering 
general topics in the first seven chapters and presenting a regional minor surgery 
in the remainder of the book. 

That all minor surgery may be of major importance lias been recognized, and the 
details of treatment are sufficiently comprehensive to help avoid many difficulties 
which often arise in the management of the apparently minor case. 

In revision of the text, most of the verbatim references have been reduced to 
smaller print, making them more distinctive, as well as permitting the addition 
of a largo amount of new material while adding but 132 pages to the book. Many 
new illustrations have been included to supplement the very excellent group in the 
previous editions. 

In every chapter numerous additions of the results of recent studies have brought 
the entire subject matter up to date, giving us many new and useful methods of 


treatment in minor surgery. 

The latest work on the process of wound healing is fully discussed. The 
ambulatory treatment of hernia by the injection method is well covered, although 
perhaps too briefly. A discussion of the Elliott treatment for chronic pelvic inflamma- 
tions has been added. The Wangensteen suction apparatus, as an adjunct to post- 
operative care, is illustrated and discussed. These are but a few of the valuable 
additions to the book. 

A study of the chapter on "The Surgical Interne’’ will well repay a new 
resident on a surgical service. He will find there details of daily usefulness. 

A fen- minor criticisms present themselves: The treatment of warts by bismuth 
inventions lias not been as uniformly successful as indicated in the new references. 
The treatment of Trichomonas vaginalis infections merits more than the passing 
reference given it. No mention is made of the newer intravenous, anesthetics 
especially useful in minor surgery. A discussion of suture materials might well be 


added. 

This carefully revised third edition 
general practitioner, consulting surgeon 


of this book will prove of great value to the 
, and surgical house officers. 
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Original Communications 


THE RELATION OP THE SPREAD OP INFECTION TO 
FASCIAL PLANES IN THE NECK AND THORAX 

Frederick A. Colder, M.D., and Luis Yglesias, M.D., 

Ann Arbor, Micii. 

("Front the Department of Surgery, University of Michigan) 

I N A previous communication, 1 we have discussed the relation of the 
spread of infection of the lip and face to the fascial planes of those 
parts. In the face we described three muscular fascial spaces: — the 
space for the body of the mandible, the masticator space, and the 
parotid space, and one viscerovaseular space, the pterygophaiyngo- 
maxillary or the lateral pharyngeal space. We purpose here to describe 
the fascial spaces of the neck and thorax with special reference to the 
spread of infections in these regions. Due to the fact that many con- 
flicting terms are applied to fasciae, we will, for the sake of clarity, 
repeat our previously expressed concept: of types of fascial planes. 
Classified by their relation to the spread of infection, they arc divided 
into two kinds, those associated with muscles and those surrounding 
viscera and vessels. The muscular fascial planes arc always ultimately 
inserted into bone, thereby sharply limiting infections in these spaces. 
J ho viscerovaseular fascial spaces extend along vessels and viscera in 
continuity with these structures, thereby allowing infection in them to 
pass readily from one region to another. 

In the neck there arc certain definite fascial planes of both sorts. 
After the skin, subcutaneous tissue, and platysma muscle have been 
reflected, we find the first muscular fascial plane of the neck enclosing 
the sternocleidomastoid and trapezius muscles. This fascia, shown in 
Fig. 1. is continuous above with the muscular fascial boundaries of the 
masticator space and extends downward to blend with the periosteum 
of the clavicle and sternum, corresponding with the muscular fascial 
plane of the pectoralis major muscle below the clavicle. Internal to 
this plane is found the second muscular fascial plane (shown in Fig. 2) 
111 " " ( 1 ’' 10 sternohyoid and omohyoid muscles. Above, it joins 
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the first layer of fascia at the hyoid base to form the fused fascia, and 
below, at the superior surface of the sternum, it splits in two layers 
to form the suprasternal space, blending below with the periosteum of 
the anterior and posterior aspects of this bone. Lateral to this point 
the inf ci ior border of the plane blends with the periosteum of the 
posterior border of the clavicle and with the upper border of the scapula 
where the omohyoid muscle is inserted. The lateral boundary of this 
plane continues around the neck between the trapezius and the deep 



i, — Dissection demonstrating- the first muscular facial plane. (A) Sterno- 
cleidomastoideus with the first muscular fascial plane of the neck, (i?) Pectoralis 
major at the same plane. 

muscles of the neck to insert into the ligamentum nuchae. In its lower 
portion below the point of perforation by the external jugular vein, 
it ends in the fascia surrounding this vein. The suprasternal space 
shown in Fig. 3 contains lymph nodes, lymphatics, and the vein, making 
an anastomosis between the anterior jugular veins. This space may be 
infected indirectly by infection carried through the lymphatics or 
directly from osteomyelitis of the sternum. Between the first and second 
planes' above described is a definite space of importance to the surgeon 
n his dissection, but of no important clinical significance, as it is rarely 
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if ever the site of infection. The third muscular fascial layer is com- 
posed of the fascia enclosing the sternothyroid and the thyrohyoid 
muscles continuing above to the hyoid bone. The lateral boundary of this 
layer fuses with the fascial sheath of the internal jugular vein, while 
interiorly it is attached to the posterior border of the manubrium and the 
first rib. Between the second and third fascial planes is a space that is 
seldom infected. It has some importance to the surgeon, however, in 



J-iir. J. Dissection of the first iniisctilnr fascial plane (.1), second muscular fascial 
pln.no (Jj), and fused fascia (C). 

that by following this space laterally he will meet the internal jugular 
vein. These planes are shown in sagittal and cross-section in Figs 3 
and 4. 

Tin-. viser.HOVAsei.LAii system 

Unis far we have described layers of fascia that have originated 
fiom some part of the face and neck ami have been inserted into some 
aspect of the upper portion of the bony wall of the thorax. We now 
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come to the highly important fascial compartment that extends from the 
skull to the fibrous portion of the pericardium in a cylindrical shape, 
enclosing the posterior and lateral walls of the pharynx, the ascending 
aorta, arch of the aorta, the subclavian and carotid artery and its 
branches, the internal jugular vein, the vagus and cervical sympa- 
theties, the hypoglossal and spinal accessory nerves, and the submaxil- 
lary, thyroid, and thymus glands, the larynx, trachea, and esophagus. 



Fie 3 —Sagittal section through neck and thorax showing fascial planes and spaces. 
' (Drawing from dissection by the authors.) 


This large space enclosed by the viscerovascular fascia is of the great- 
est importance to the surgeon since it connects the mouth, throat, and 
pharynx with the mediastinum through the neck and is the route along 
which infections commonly pass. For its clear understanding, on 
anatomic grounds and also because of the different clinical problems 
involved we will discuss the various subdivisions of this huge space. 

The portion of this system of fascia that lies posterior to the pharynx- 
lias been called the buccopharyngeal fascia, that layer lying anterior 
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to the trachea called the pretracheal fascia, and that portion surround- 
ing the aorta and its branches called the vascular sheath. All of these 
fascial planes have usually been described as separate entities, but as 
shown in our dissection, they form subdivisions of this one large system 
of viscerovascular fascia. 

The lateral pharyngeal space, previously described, 1 located between 
the lateral wall of the pharynx and the medial wall of the masticator 
and parotid spaces, lies closely related on its posterior wall with the 
internal carotid artery and the internal jugular vein. This space may 
lie infected from the pharynx, and from the three important fascial 
spaces of the face, thereby acting as a portal of entry from all of these 
spaces to the large viscerovascular space or one of its subdivisions. 



Hk. I, Horizontal action at the neck showing dissection of the fascial planes and 
spaces. (Drawing from dissection by the authors.) 


SPACE or THE SUBMANILLARY GLAND 

The snbmaxillary gland is enclosed by that portion of the visccro- 
vnscular fascia that surrounds the pharynx and covers the floor of the 
mouth. This gland with its fascial covering is separated from the 
parotid space and subcutaneous tissue by that part of the first and 
second muscular fascial planes of the ncclc called the fused fascia. 
The anterior holly of the digastric muscle and intermediary tendon and 
the insertion of the second muscular fascial plane to the hyoid hone 
act as a limiting wall below, to infection arising in the gland. These 
relations are well shown in Figs. 5 and C. Posteriorly the fascial cover- 
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5. — Dissection showing- the submaxillary gland 
(B), fused fascia; IC, D, E), n r st, second. 


with tiic fascial covering 
and tiiird fascial planes. 
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ondarily from infection of the lymph nodes contained in it. Infection 
here manifests itself commonly as a swelling below and anterior to 
the angle of the jaw and should be differentiated from Ludwig’s angina, 
which is an infection of the intermuscular and sublingual spaces in the 
floor of the mouth with its chief swelling adjacent the midline. Both 
the submaxillary and sublingual spaces may be infected simultaneously 
through, the lymphatics or by anatomic continuity along the duct as it 
passes between the myelohyoid and the hvoglossus muscles. 
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Infection in the space of the submaxillary gland can be drained 
through an incision made parallel to the lower border of the body of the 
mandible and about 1.5 cm. below it. The incision is carried directly 
through the skin and platysma and the fused fascia to the gland. Ex- 
cision of the gland often offers the best drainage and is the procedure 
of choice if the gland is even partially destroyed by the infection. 
Drainage of the lateral pharyngeal space may likewise be carried out 
through the same skin incision. Mosher 2 has advocated drainage of the 
lateral pharyngeal space by turning the submaxillary gland upward, 
but as seen in Fig. 6, the lateral pharyngeal space can be reached more 
simply by carrying the dissection upward and posterior to the gland, 



I' iff. 8. — > rental (section demonstrating the different fnsclal planes and potential 
anatomic spaces. (Drawings from dissection l>\- authors.) (This tlguve Is taken 
1035 ) nrt r,c " lnfoctlon ‘' of the Up and Face.’’ Surg., Gynec. & Obst. CO: 277-200. 

passing between the gland and the internal pterygoid muscles. As men- 
tioned in a previous article, 1 the lateral pharyngeal space may also he 
easily reached by a dissection passing posterior, to the deep portion of 
the parotid and anterior to the external carotid artery. 

PRETRACHEAL SPACE 

ihc fascia from t lie submaxillary region is continued downward, to 
surround the larynx below which it encloses the thyroid gland and its 
arteries. 1 he superficial leaf covering the anterior surface of the 
thyroid gland is separated from the third muscular fascial plane by 
loose areolar tissue, a line of cleavage utilized by surgeons in exposing 
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the thyroid gland. (See Figs. 3 and 4.) The deep leaf of this fascia 
on the posterior wall of the thyroid gland is intimately connected with 
t lie true carotid sheath laterally, and from here passes mesially and 
downward, to surround the trachea and esophagus ending below in the 
fibrous pericardium, enclosing between its layers the aorta and its 
branches, thus forming this previsceral portion of the viscerovascular 
system of fascia. Between this previsceral portion and the trachea and 



mg. 7. — Lateral x-ray of injection of the rrctrache, ^"> 0 “g ie ,a gg.£ ,, aff*g£ 
f^nd'^tlie^sternuni^ancF'tlie' cfoso pS of Reinjection of the lateral pharyngeal 
and pretracheal can be seen. 

. B ivin o' posterior to it is a potential space known as the 
esop iagu , a jetraeheal space. Tiiis space is partially obliterated 

previscera P ^ q£ ^ thvroid by a close areolar attachment 

at the lete larynx, and is continuous upward between the 

of the isthmus harynx nn d the adjacent viscerovascular fascia, 

.walls of the larjnx P hea fo the point of fusion of these 

It extends helow _ al °™ Fi 7 anc l S show roentgen rays of injec- 
faseiae to the pericardium, . 


COLLER AND YGLESIAS : SPREAD OF INFECTION 


331 


lion of the pretracheal space by an opaque substance below the level 
of the thyroid. The space is seen to be limited below by the pericardium 
and above by the superior attachments of the thyroid. Infections aris- 
ing from the lateral wall of the pharynx such as a peritonsillar abscess 
or infection of the lateral pharyngeal space may extend down to infect 
this entire pretracheal space. Infections may also reach it from per- 
foration of the anterior wall of the esophagus. This pathway for the 
spread of infection must be differentiated from that of the carotid and 



KIk. S. — KrontM x-nty of injection of the pretracheal space. 


juglur shout It which lies lateral to it. That portion of the viscero- 
vnseular fascia surrounding the carotid artery and jugular vein forms 
the true sheath for these vessels and may lie infected from the lateral 
]'h:n \ 1 1 goal space directly, but if Ihis occurs, the infection remains 
limited to this sheath. Infection of the carotid sheath is not common, 
only accompanying thrombosis of the internal jugular vein. That divi- 
sion of the vi'-cero vascular fascia thus described dealt with that portion 
of it enclosing the ascending aorta, the arch of the aorta, and the 
subclavian and carotid arteries, being eventually fixed to the fibrous 
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pericardium. Anterior to this ;iiid below the thyroid is another sub- 
division ot the viscoro vascular fascia of lessor surgical interest, f u'o 
compartments are formed as shown in Fig. 3. In file posterior lie the 
innominate veins and superior vena cava, and in the second just anterior 
is the thymus gland. Both of these fascial planes terminate below by 
fixation to the pleura. Between the fascia covering the great veins and 
that covering the arteries, as well as between the mediastinal pleura and 
the pericardium, lies a potential space, the pleuropericardial space. In- 
fection of this space occurs in association with infections spreading down 
the sheath of the internal jugular vein and the carotid artery, but as a 
late manifestation of the process. 



pi C 9 Horizontal section at the upper portion of the thorax showing: the dissection 

of the fascial planes and spaces. (Drawing from dissection by the authors.) 


RETROVISCERAL SPACE 

The fascia that covers the posterior wall of the pharynx and esopii 
agus is the retrovisceral portion of the viscerovascnlar system. Bft 
tween this and the prevertebra] fascia is a large and important space 
bounded laterally in the neck by the fusing of these fasciae at the point 
where they surround the cervical sympathetic chain. Above, it extends 
to the basilar process of the skull and is continuous below to the 
diaphragm In the thorax, as shown in Figs. 3 and 9, the lateral 
boundaries are formed by the expansion of the sheath covering the 
, x m ,+„ as it, passes posterior to the parietal pleura to . 70 m 
fc p»terta will of the thorax, Belov the level of the bitnrea.io,. 






COLDER AND YGLESIAS : SPREAD OF INFECTION 


333 


of the trachea, the space becomes very small and may be entirely oc- 
cluded at that level by the close approximation of the two pleurae. 
The space designated as the retroviseeral space is also known as the 
retropharyngeal or the prevertcbral space. A lateral view of an opaque 
injection of this space is shown in Fig. 10. 

Infections of the retropharyngeal space from the neck will descend 
with case to this point, that is, at the bifurcation of the trachea, but 



• Ic. 10. — I„'iter.'il s-my of Injection of the retropharynKe.il apace (A) located 
posterior to the trachea (//). 

may be slopped hero by l he obliteration of the space by the approxima- 
tion of the pleurae at this point. Infections of the retropharyngeal 
space below this level are always .secondary to lesions of the vertebrae 
and the ribs and by perforation of the esophagus below this level. 

As shown in Fig. any perforation of the esophagus in the posterior 
half ot its wall may cause an infection of the retropharyngeal space. 
1 lu' retropharyngeal group of lymphatic nodes in this space may be 
infected secondary to primary infection arising in the ear, nose, throat, 
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or sinuses. Infection, cither pyogenic or tuberculous, arising from any 
bone adjacent to this space, including Iho basilar process of the skull, 
the petrous portion of the temporal bone, the cervical and dorsal verte- 
brae, and the posterior ends of the ribs, may spread to the space. In- 
fections in any of the cervical and the upper dorsal vertebrae will first 
produce a prcvcrtebral abscess that is limited by the prevertebral fascia, 
muscles, and ligaments, and will remain localized there for varying 
lengths of time. Eventually perforation of the prevertebral fascia 
will take place, thus infecting secondarily the retrovisceral space. In- 
fections in the lower dorsal and the first, and second lumbar vertebrae 
will first be limited by the ligaments and the prevertebral fascia, but 
ultimately will perforate and spread to the lower portion of the retro- 
visceral space and tend to expand laterally between the pleurae and the 
expansion of the aortic sheath as if, attaches to the thoracic wall. If 
infection originates in the posterior end of the ribs, the spread of the 
infection will be in a reverse direction from the ribs along the space 
between the pleura and the lateral expansion of the sheath of the de- 
scending aorta to the retrovisceral space. For these reasons, infections in 
the retrovisceral space above the fourth dorsal vertebra may best be 
drained by an incision in its upper portion in the neck, and infections 
below this point must, be drained directly by posterior rib resection. 
Clinically this abscess will give rise to a variety of well-known signs and 
symptoms, depending upon its point of origin. After pns has entered 
the space, there will be dysphagia, dyspnea, and dysphonia, and exam- 
ination will show a bulging of the posterior pharyngeal wall. In in- 
fants and young children, the chief symptom will be dyspnea, since the 
posterior wall of the trachea is less fixed and more compressible than 
is the trachea of an adult. In adults, the trachea is less easily com- 
pressed, and the chief symptom will be dysphagia doe to compression 
of the esophagus. Roentgen ray examination will show an increase in 
the width of the retropharyngeal space in both the frontal and lateral 


projections. 

Drainage of infection in the space may be carried ont through an 
incision made along the anterior border of the sternocleidomastoid 


muscle at any desired level between the hyoid bone and the sternum, 
depending upon the level of the infection. After division of the skin, 
subcutaneous tissues, and platysma muscle, the first muscular fascial 
plane is divided along the anterior border of the sternocleidomastoid mus- 
cle and this muscle is retracted laterally ; the second muscular fascial 
olane is divided along the lateral border of the omohyoid muscle, and 
the third muscular fascial plane is incised and separated from the sheath 
of the internal jugular vein. The lateral or lower border of the thyroid 
0 . v ,. , i 4] ie lower border of the thyroid is encountered 

gland 1S Mted r 3 Lwer border of the thyroid gland to the 

ZlTmZ of” the viseerovasciilnr fnscio and «. the a,,™ I-* 
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After incising this fascia, we enter the upper portion of the pleuro- 
pericardial space, accomplishing now its drainage. Passing deeper, the 
pretracheal fascia may he incised, thus opening the pretracheal space. 
This same incision can be used for drainage of the retropharyngeal and 
vascular sheath in the following way if one desires: After passing- 
through the third muscular fascial plane, the vascular sheath may he 
opened and thus drained. By following anterior to this sheath, the 
visceral portion of the viscerovascular fascia is divided along the lateral 
border of the esophagus, thus entering into the retropharyngeal space. 
Furstcnbcrg 3 has advocated drainage by this method on the right side, 
since the esophagus lies to the left of the median line, because of the 
greater number of lymph nodes on the right, and because of the farther 



Hr. 11. — X-ray nntl photograph of a case of an abscess of the retroviscer.il space 
at the superior portion of the thorax In which cervical clralnapc was done. (Courtesy 
of Dr. John Alexander.) 


divergence of the right pleura from the median line, and the larger 
size of the space on the right. The retropharyngeal space may perhaps 
hotter he drained through an incision made posterior to the sterno- 
cleidomastoid muscle, by carrying the dissection through t he first and 
second muscular planes, entering into t he lymphatic space of the neck 
posterior to the jugular vein and carotid artery. The fascial expansion 
that includes the cervical sympathetic chain can be divided, and the 
retropharyngeal space entered and drained. This incision has a dis- 
tiiiel advantage for drainage of this space alone, in that no other spaces 
of the neck arc opened, and alt drains are posterior to and not directly 
against the large vessels of the neck. An objection often advanced 
against t his incision is that the sympathetic nerve may be injured, but 
we feel that there is very little chance of this, if the dissection is prop- 
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ci'Iy carried out, tiic dissection being effected in a vertical direction 
parallel to the direction of the nerve. Naturally early infection of this 
space originating from its upper portion and presenting in the posterior 
wall of the pharynx will first be drained by the time-honored method of 
direct incision at the site of the presenting tumor of the pharynx. If, 
however, the infection has passed to or originated in the lower portion 
of this space below the fourth cervical vertebra, drainage will probably 
be necessarily carried out by external thoracotomy. The site of elec- 
tion is determined by study of the lesion by x-ray, and a segment of a 
rib (or ribs) at the appropriate level on the prominent side is resected 
through a hockey -stick shaped skin incision. The internal periosteum 
is divided, and the wall of the abscess encountered and opened. The 
incision must be carried out as far mcsially as possible. 

The final space in the neck, of importance to the surgeon from its 
relation to infection, is that associated with the lymphatic chains. There 
are in general two groups of these lymph nodes shown in Fig. 4, one 
superficial, lying under the platysma muscle along the external jugular 
vein. These glands are often infected, but only produce localized 
subcutaneous abscesses and do not communicate with other fascial 
spaces in the neck. The second or deep group, however, lie in a space 
along the great vessels; the upper groups of these have already been 
mentioned in our previous article. 1 These lymph nodes lie in a tri- 
angular space bounded anteriorly by the sheath of the internal jugular 
vein and the common carotid artery; posteriorly, by the fascia covering 
the scalenus antieus muscle, the base of the triangle, being external, 
formed by the fascia connecting the internal and external jugular 
veins . The space extends upward to the mastoid and continues down- 
ward to the supraclavicular fossa. Here the lymphatic nodes end in 
the angle between the subclavian and internal jugular veins. The base 
of the supraclavicular fossa forms the apex of the axilla, being pene- 
trated by the subclavian vessels. Infection extending down along tin's 
chain of nodes may pass directly to the axilla. The lymph nodes may 
be involved by an infection originating in the face, lips, mouth, ton- 
sils, pharynx, or esophagus. When drainage becomes necessary, these 
lymphatics may be reached by the first stage of an incision previously 
described, made along the posterior border of the sternocleidomastoid 


muscle. 

To summarize, we have described three spaces in the neck, lying 

between muscular fascial planes, that are limited by bony attachments 

above in the face, and below to the thoracic cage. Infections in these 

‘ infrequent and are limited sharply to the neck. Between these 

‘ and the nrevertebral muscular fascia lies a large viscerovascu ar 

SP tem of f sSa i -hieh we have described the presence of four definite 
systemoffasc a ^ ^ ^ ^ latcra , pharyngeal 

Jpace is^a receiving station for infections arising from fascial spaces 
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in the face and pharynx, from which infection in tnrn may pass to all 
other compartments of the viscerovascular system. Two other compart- 
ments, the pretracheal and the retrovisceral, pass directly into the 
thorax. Infections passing along the sheath of the vessels will likewise 
pass directly to the thorax. 

The mediastinum may he very simply divided into compartments 
if the above facts are borne in mind. Immediately behind the sternum 
is the space commonly called the anterior mediastinum, that is, a retro- 
sternal space occupied by a few lymphatics, fat, and areolar tissue. It 
is bounded posteriorly by the pleurae and the fascia connecting them. 
It is of no surgical importance except in association with trauma and 
infection arising in the sternum. Posterior to this in its upper portion 
lie the thymus and innominate veins with their fascial covering walling 
off the upper part of the retrosternal space from the neck. Behind 
this, we come to the space lying between the pleura and pericardium, 
the pleuropericardial space, that may be infected from the vascular 
sheath or from the pretracheal space. Posterior to this space are the 
ascending aorta and the arch of the aorta with their sheaths. Behind 
Ihem lie the pretracheal space and just behind this the retrovisceral 
space, both of supreme importance because they are the major pathways 
for the entrance of infection to the thorax. 
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crl.y earned out, (lie dissection being effected in a vertical direction 
parallel to the direction of the nerve. Naturally early infection of this 
space originating from its upper portion and presenting in the posterior 
wall of the pharynx will first be drained by the time-honored method of 
direct incision at the site of the presenting tumor of the pharynx. If, 
however, the infection has passed to or originated in the lower portion 
of this space below the fourth cervical vertebra, drainage will probably 
be necessarily carried out hy external thoracotomy. The site of elec- 
tion is determined by study of the lesion by x-ray, and a segment, of a 
rib (or ribs) at the appropriate level on the prominent side is resected 
through a hockey-stick shaped skin incision. The internal periosteum 
is divided, and the wall of the abscess encountered and opened. The 
incision must be carried out as far mesinlly as possible. 

The final space in the neck, of importance to 1 lie surgeon from its 
relation to infection, is that associated with the lymphatic chains. There 
are in general two groups of these lymph nodes shown in Pig. 4, one 
superficial, lying under the platysma muscle along t he external jugular 
vein. These glands are often infected, but only produce localized 
subcutaneous abscesses and do not communicate with other fascial 
spaces in the neck. The second or deep group, however, lie in a space 
along the great vessels; the upper groups of these have already been 
mentioned in our previous article. 1 These lymph nodes lie in a tri- 
angular space bounded anteriorly by the sheath of the internal jugular 
vein and the common carotid artery; posteriorly, by the fascia covering 
the scalenus anticus muscle, the base of the triangle, being external, 
formed by the fascia connecting the internal and external jugular 
veins. The space extends upward to the mastoid and continues down - 
ward to the supraclavicular fossa. Here the lymphatic nodes end in 
the angle between the subclavian and internal jugular veins. The base 
of the supraclavicular fossa forms the apex of the axilla, being pene- 
trated by the subclavian vessels. Infection extending down along this 
chain of nodes may pass directly to the axilla. The lymph nodes may 
be involved by an infection originating in the face, lips, mouth, ton- 
sils, pharynx, or esophagus. When drainage becomes necessary, these 
lymphatics may be reached by the first stage of an incision previously 
described, made along the posterior border of the sternocleidomastoid 


muscle. 

To summarize, we have described three spaces m the neck, lying 
between muscular fascial planes, that are limited by bony attachments 
, hriv0 in t i ie face, and below to the thoracic cage. Infections m these 
are infrequent and are limited sharply to the neck. Between these 
‘ a m-evertebral muscular fascia lies a large viscerovaseular 

spaces an Wch wc have described the presence of four definite 

system of fascl ‘ and a vascular sheath. The lateral pharyngeal 

Jpace isTrcceiving station for infections arising from fascial spaces 
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flammatory reaction to involve tlie colon, to a point of actual penetra- 
tion. In 1933, Benedict 2 in our clinic collected thirty-six gastrojejunal 
ulcers. Twenty-one of these were proved at operation and represented 
an incidence of 2.9 per cent. Adding fifteen x-ray and clinically diag- 
nosed cases, the incidence is nearly 5 per cent in gastroenterostomies 
for duodenal ulcer in our hospital. No ease of gastrojejunal ulcer 
followed gastroenterostomy for gastric ulcer dui'ing this period of 



Flu i 
aiunj: th* 
omentum 


— Solw»m:i||r lira wing representing condition found at operation. The vvpsoIj* 
pn\'ft<-r curvature of ihr stomach have boon divided, and the paslrocohe 
j'l'phlatrtj **o that trio h-pion could be developed. 


time. Five of these gastrojejunal ulcers were complicated by gastro- 
jejunoeolic fistulas, an ineidenee in this series of 23.8 per cent of the 
eases proved at operation, or 13.9 per cent of the entire group. Since 
this publication, we have treated five additional cases of gastro- 
jejnnoeolie fistula following gastroenterostomy for duodenal ulcer, 
making a total of ten eases to date. 



AN ASEPTIC TECHNIC APPLICABLE TO 
G A STRO JEJ UNOCOL1 C FISTULA 


Aimiuit W. Allen, M.D., F.A.C.S., Boston, Mass. 

(1 rom the Surgical Department of the Massachusetts General flospital) 


nHIIE importance of avoiding gross contamination in surgery of the 
A bowel has been evident since such operations were undertaken, 
peritonitis having been the most common cause of failure. To be sure, 
the peritoneum will withstand a great deal of infection, more in fact 
than most of the body tissues. Thus, gross soiling by intestinal con- 
tents at the time of operation will often fail to produce a fatal perito- 
nitis. A constant or recurring insult such as that afforded by a leaking 
suture line will, on the other hand, almost invariably result fatally. 

In the effort to avoid frank contamination, there have been many 
ingenious methods of so-called aseptic anastomoses devised. This has 
resulted in a greatly reduced mortality in intestinal surgery and has 
actually taken away so much of the hazard that these operations are 
undertaken with increasingly greater confidence as to the outcome. 
The evidence is such that one can offer no plausible excuse for any 
surgeon who fails to make use of one of these procedures. Perhaps 
he may prefer some modification which appeals to him as more logical 
or which suits his particular style of surgical technic. The fact re- 
mains, however, that complete disregard of some comparatively aseptic 
method of handling bowel suture, whether this be on the basis of 
more accurate approximation, fear of adequate blood supply, or any 
other argument, is absolutely unjustified. We have found Kerr's 1 
technic, slightly modified, eminently successful after an extensive trial 
Qygj' a period of more than ten yenis. 


Gastrojejunoeolic fistula is fortunately a comparatively rare situa- 
tion. It does occur, however, with sufficient frequency to offer one of 
the most trying problems with which the surgeon is forced to deal. 
Spontaneous fistulas may occur between the stomach and bowel or 
between the high small intestine and large bowel. These are usually 
based on carcinoma of the stomach with adherence and secondary in- 
volvement of the transverse colon with occasional erosion between 
these two structures. The reverse of this sequence is also possible, 
rni.p majority of such fistulas, however, come about following the de- 
, A n marginal ulcer at the stoma of a previously made siir- 

vdopment of a ma^ een ^ and the stomacl , Tlie se mar- 

Jhial, 1 Ttomal, or gastrojejunal ulcers do not all produce sufficient in- 

Received for rubUcat.cn. November 1U». 



ALLEN: GASTROJEJUNOCOLIC FISTULA 


341 



tI.o F -mV n 3 ,'w r L',^? toniacI \ defcct is, being closed by continuous catgut sutures, one on 
arc , rf . a , cc ! l mI one on , u,e posterior surface of the stomach. While these 

openlngln the Vomach ’ w&L™ Sl ‘ PPCd ° Ut ‘ A SCC ° nd r °' V ° f 8uturcs reenforces the 



tlili tnstnnce! R iuM„ PV ° r Ulf Jejunum usually found in such cases. In 

tween damns wilt. o. / " . . <f ’ remove n wedge-slut peal piece of the Jejunum lie. 

mas s-arv ln some eautery Instead or n complete transverse' sedion a s H 

mann.-r ns described j n 3 Vg*' 3. T lC <l< ' forl ,n lh,; Jejunum was closed In the same 
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During this same period of time, four gastrocolic fistulas spontane- 
ously developing as a complication 1o carcinoma of the stomach or 
transverse colon have been observed. These will not be considered 
further in this report. 

Eight of the ten gastrojejunoeolic fistulas, subsequent to operations 
for duodenal ulcer, were subjected fo radical operation. Two of these 
died of general peritonitis following a resection of the fistula and res- 
toration of normal continuity. Six survived the operation. Four had 
resection of the stomach with Polya anastomosis at the same time. 



Fir 2 . — After freeing- the greater curvature of tlie stomach and minor adhesions 
about the fistula, four long: thin Ivocher clamps have been applied about the stomacn 
side of the stoma. This wedge-shaped section Is freed by the actual cautery. 

One had resection for recurrent duodenal ulcer with massive hemor- 
rhage thirteen months following excision of his gastrojejunoeolic 
fistula and restoration of normal continuity. One is now symptom- 
free on a six meal bland diet four months after operation. (Case 
reported below, in detail.) It seems to be the rule for these patients 
to reactivate their duodenal ulcers if normal continuity is restored, so 
that this last patient will probably need partial gastrectomy at a later 
date bearing in mind the likelihood that a logical physiologic control 
of all peptic ulcers will be discovered prior to the necessity of this 
crude and not perfectly satisfactory method of dealing with such 
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Fig. 3. — The stomach detect Is being closed by continuous catgut sutures, one on 
the anterior surface and one on the posterior surface of the stomach. While these 
are drawn taut, the clamps are slipped out. A second row of sutures reenforces the 
opening in the stomach -wall. 



tIlC hypotrophy of the jejunum usually found in such cases. In 
vronJS ho^rthle to remove a wedge-shaped piece of the jejunum be- 

clamps with the actual cautery instead of a complete transverse section as Is 

ilmnnc^ns dc^r’lbcd”?^!^ 3. T1,C tIofcct in the JcJl,mu,> was c ’ OFCd in thc £ame 
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During' this same period of lime, four gastrocolic fistulas spontane- 
ously developing as a complication to carcinoma of 1 lie stomach or 
transverse colon have been observed. These mill not be considered 
further in this report. 

liiight of the ten gastrojejunocolic fistulas, subsequent to operations 
for duodenal ulcer, mere subjected to radical operation. Two of these 
died of general peritonitis following a resection of the fistula and res- 
toration of normal continuity. Six survived the operation. Four had 
resection of the stomach with Polya anastomosis at the same time. 



Fig. 2. — After freeing the greater curvature of the stomach and minor adhesions 
about the fistula, four long thin Koelier clamps have been applied about the stomach 
side of the stoma. This wedge-shaped section is freed by the actual cautery. 


One had resection for recurrent duodena] ulcer with massive hemor- 
rhage thirteen months following excision of his gastrojejunocolic 
fistula and restoration of normal continuity. One is now symptom- 
free on a six meal bland diet four months after operation. (Case 
reported below, in detail.) It seems to be the rule for these patients 
to reactivate their duodenal ulcers if normal continuity is restored, so 
that this last patient will probably need partial gastrectomy at a later 
n„ tp bearin' 1, in mind the likelihood that a logical physiologic control 
of ail peptic ulcers will be discovered prior to the ocecssity of tin, 
"rude 3 not perfectly sutisfuctory method of derrih.g ,v„h sue,, 
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lesions. No radical attempt was made to relieve tlie remaining two. 
One was in a severe state of malnutrition, with deficiency disease in 
its most advanced form already present on entering the hospital. He 
refused treatment, went home against advice, and died twenty-one 
days later. The remaining patient in this group was seventy-two years 
of age; he had had two previous operations on his stomach and im- 
proved somewhat on a careful dietary regime. 

Every surgeon who has to deal with these lesions is grateful for 
any suggestions that make the operative procedure simpler and safer. 



"•'—The clamps have been withdrawn anti the basting stitches brought up 
tlplitiy, temporarily closing in the cut ends of the bowel. A second posterior row 
of stitches is now applied. 


Based on the experiments of Mann and Williamson 3 demonstrating 
that chronic ulcers can be produced by exposing duodenal mucosa to 
the gastric secretions unmodified by t lie normal duodenal contents, 
and hnthor that Ihese experimental ulcers heal if the* normal relation- 


ships arc restored, Schrimger* recently lias called attention to some 
basic factors in dealing with gastrojejunal ulcers and gastroje.iimo- 
colic fistulas. He has added his own observations that the gastroin- 
testinal tract will heal |>y approximation of the museularis if the 
is pi o\ mush- removed. Sclirimger advocates leaving the 


mucosa 
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Fig-. 6.— First and second steps in the modified Kerr . 

colon. Note that the basting stttcli inter to be withdrawn •£™'F 5,S , in thc ‘™ n sverse 
curved hemostats and on the other side with strain-lit forfon?/?' c< * on onc 
fleation later. Also, note that the first posterior row of stitriii? r i I’^posesof Identf- 
ciamps are withdrawn. This keeps the bowel ends" fS' a’SSdma’t iS^nc «* re- 
mafning- layers of sutures arc placed. miuon lc u,c 
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jejunal ulcerations even if the colon has been penetrated, resecting 
three-quarters of the stomach with the exception of a portion one and 
one-half inches wide around the old stoma. From this remaining area, 
the mucosa is removed, and the muscularis and peritoneal coat sutured 
by everting the edges as in arterial suture. This simplifies the closure 
of these thickened structures and has in five instances resulted in firm 
healing. There was an unfortunate late death in the one ease of 
gastrojejunocolic fistula of the series from a leak in his anterior Polya 
anastomosis. The method resulted in excellent recovery in the four 
patients with uncomplicated jejunal ulcers. Estes u in his discussion 
of Schrimger's paper before the American Surgical Association in 



10. — A. moat Important step in the Iverr aseptic technic. The cautery -seared 
surfaces have a tendency to remain glued together after the basting stitch has been 
tyjimJraivn. One must be absolutely certain that this seal is definitely broken by 5n- 
ngi nation over the thumb and finger. The operation is finished by a careful approxi- 
mation of the gastrocolic omentum over the suture lines. 


1935 called attention to a somewhat similar technic which he had re- 
ported before the Johns Hopkins Surgical Society four years before, 
lie had inverted a cuff of stomach about a gastrojejunal ulcer and 
made a lateral anastomosis around the lesion in the jejunum. Much 
to his delight, when the patient was reopevated upon a few weeks later 
for a reactivated duodenal ulcer, lie found the old jejunal ulceration 
completely healed, and the jejunum in this region atrophied. 

Presented with the problem of a gastrojejunocolic fistula recently, 
n "as ( ctided to take into consideration t Ire possibilities brought 
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Fig. S. — The first row of sutures anteriorly* has been applied over the basting 
stitch. The basting' stitches have been cut at the upper border and are read 5* to 
he withdrawn. 



, row of sutures is applied anteriorly. This method npproxl- 
Fiff. 5 -^ h ° m^serosa" surface at the anastomosis. This, we believe, should bo 

wroximatelj- S mm. in width. 
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the stomach by an aseptic Billroth II, although it is my opinion that 
Kerr's technic as applied to gastrojejunostomy is less adaptable than 
it is when used in the bowel alone. This fear is based primarily on 
the possibility of inadequate control of hemorrhage on the thick stom- 
ach wall. 

Case Report.— Mo. 350824: A thirty-year-old, married laborer entered the 
medical wards of the hospital on January 10, 1936, complaining of diarrhea, weight 
loss, and abnormal appetite for two years. He had been operated upon in another 
hospital six years before for a perforated duodenal ulcer. A posterior gastro- 
enterostomy had been done at the time of the suture of the perforation. He had 
been well until two years ago, when he suddenly developed diarrhea eighteen times 
a day. He lost forty-three pounds in weight in spite of eating three times as 
much as a normal individual and drinking fifteen glasses of water daily. Aside 
from duodenal ulcer symptoms starting seven years ago, his past history is irrele- 
vant. His family history is not contributory. Physical examination on entry 
showed an emaciated man, with a fecal odor to his breath, in no distress. The 
teetli were poor. Bubbling rales were heard throughout the chest; there was some 
cough from recent infection. A blowing systolic murmur was heard at the apex. 
The blood pressure was 107/00. The abdomen was distended and full and tympanic 
throughout. There was a sense of resistance under the epigastric scar. Very loud 
peristalsis could be heard. X-ray examination showed considerable gastritis and a 
posterior gastroenterostomy with small stoma, some of the barium passing directly 
into the transverse colon. This was confirmed by barium enema. Definite diagnosis 
of gastrojejunocolic fistula was made. 

Laboratory studies revealed a serum protein of 4.5 per cent. Gastric analysis 
showed a normal amount of free and total acid. His leucocyte count was around 
17,000 on four successive days; hemoglobin, 70 per cent; red cells, 4,500,000. The 
stools were tilled with undigested food particles. 

Patient improved somewhat while in the ward and gained some weight. Inas- 
much as his upper respiratory tract infection was slow in clearing, he was dis- 
charged homo on February S, 1930, four weeks after entry, to return later for 
operation. 

Second admission to the surgical wards on June 0, 1930. The patient had 
found that by remaining quiet at home he could maintain the gain which he had 
made in the hospital. Any activity, however, increased his diarrhea and caused 
weight loss. On this admission his scrum protein was 3.0 per cent. lie was given a 
blood transfusion and subjected to operation on June 12, 1930. The operative pro- 
cedure carried out was an aseptic resection of the gastrojejunocolic fistula with 
closure of the three structures involved as depicted in Figs. 1-10. He has remained 
well for four months on a six-meal bland diet. He is able to work. He is being 
followed in the Gastrointestinal Clinic and will be readmitted if the original -ileer 
in the duodenum becomes reactivated. 


SUMMARY AND CONCLUSIONS 

1. The importance of approximate aseptic handling of structures 
infected with colon and intestinal contents is stressed. 

2. A method applicable to one ease of gastrojejunocolic fistula is 
related in detail. 

3. The incidence of gastrojejunocolic fistula developing on post- 
operative gastro jejunal ulcer in our hospital is approximately 14 per 
cent. 
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f orMi ill Selirimgcr’s paper and Estes’ discussion, combining if pos- 
sible, sonic modification that would eliminate contamination of the 
peritoneal cavity, since in dealing with this lesion wc must face the 
fact that the stomach and jejunum will contain the same bacteria as 
the colon itself; this was brought forcibly to mind by t he fact 
that two out of eight patients operated upon by the open method in 
our hospital had succumbed to peritonitis. Theorizing about the pos- 
sibilities prior to the operation, we decided that in order to eliminate 
the septic factor, we were probably committed to a two-stage pro- 
cedure. Could we use the ideas of Estes and Schrimger and aseptically 
separate a wedge of stomach around the stoma between clamps with 
the cautery, close the cuff and the opening in the stomach, and leave 
the resection and Polya anastomosis for a future operation? Would it 



be feasible to transect the transverse colon on either side of the fistula, 
do an end-to-end union and leave behind the segment of colon to 
which the stoma was attached? This last possibility might be con- 
sidered seriously when dealing with an extremely large ulceration into 
Ion Wilkie 0 used this idea in dealing with a gastrojejunocobc 
fistull that had developed spontaneously in a posterior wall gastric 
We m i„ht dare attempt both steps, leaving the stomach dosed 
* Ttlw colon reanastomosed, depending on the opening from the colon 

aB<1 1 • • ,„tn to take care of the infection m the remaining seg- 

into the jejui ^ en durance of the surgeon and the patient were 
ment of colon. ofl this idea of aseptic resection to include 

adequate, one nng ' gtomac h and join the remaining portion of 
half or two-tlnrds oi 




SPONTANEOUS INTERNAL BILIARY FISTULA AND 
GALLSTONE OBSTRUCTION 

With Particular Reference to the Roentgenologic Diagnosis* 

Chauncey N. Borman, M.D., and Leo G. Rigler, M.D., 
Minneapolis, Minn. 

(From the Department of Radiology of the University of Minnesota and the Uni- 
versity Hospital) 

T HE incidence of spontaneous internal biliary fistula in operative 
and autopsy records is very low, but it is probable that the actual 
frequency is greater than such statistics would indicate. Some idea 
of this reported incidence may be obtained in Table I. Although less 
than 10 cases, in which the diagnosis had been made by roentgen 
examination, were reported prior to 1928, since that time over 50 eases 
of true fistula, not including postoperative cases, have appeared in 
the roentgenologic literature. The ability to recognize, by means of 
x-ray examination alone, both a true internal fistulous connection be- 


Table I 

Incidence of Spontaneous Internal Biliary Fistula 


AUTHORS 

NO. CASES 

EXAMINED 

POSITIVE 

FINDINGS 

PER CENT 

Itotli, Schroeder and Schloth 

lU,SG(i (autopsies) 



University of Minnesota Hospital. 

19,474 (autopsies) 



Kchr 

2,000 ("cholecystectomies) 




tween the biliary system and the gastrointestinal tract and a fistulous 
dilatation of the common bile duct has resulted in a rapid accumula- 
tion of recorded instances. As time goes on, this method of diagnosis 
will no doubt change our previous concept of the rarity of this condi- 
tion. 

The importance of the demonstration of a spontaneous internal 
biliary fistula, both with regard to the lesion itself and as a finding 
indicative of gallstone obstruction, cannot be exaggerated. The diag- 
nosis of this condition can lie accurately made by roentgen examina- 
tion alone in such a high percentage of cases that some emphasis on 
the roentgen findings seems advisable. 

PATHOLOGY 

Anatomically, t lie path taken by a biliary fistula is by no means 
limited. Gallstones have been vomited from the stomach, coughed up 
from t he bronchial tree, voided in the urine, and frequently passed 

1 resented bt-fort; tin- Minnesota ILvliolojdcal Society, December II. 153 .'. 
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SURGERY 


4. The mortality in this small group of ten eases was 30 per cent. 

5. The mortality for radical operation to relieve this situation in 
this series was 25 per cent. 

6. Selected cases may be treated bj r conservative measures. 
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associated cholecystitis and cholelithiasis. In 14 o£ 16 eases of the 
eholedochoduodenal type reported in the roentgenologic literature, a 
diagnosis of duodenal nicer was indicated either hy the clinical history 
or by the operative findings. Neoplastic growths have been said to 
be associated with the eholeeystocolic type of fistula more than in any 
of the other types. Mureheson, 77 for example, found carcinoma as the 
cause in 6 out of 9 cases. Most of the cases recognized on x-ray exami- 
nation, however, have been due to gallstones. In our autopsy records 
only one of 6 cases was associated with a carcinoma. 

Common duet obstruction, usually by a stone, with a patent cystic 
duet, is an important associated pathologic condition. The biliary 
obstruction thus produced is the initial factor in the fistula formation. 
Even though a stone is not found in the common dnet at operation, 
evidence of previous obstruction is nearly always present. The in- 
timate anatomic relationship between a distended gallbladder and the 
second part of the duodenum accounts, no doubt, for the greater fre- 
quency of fistulas between these two organs. Similarly the proximity 
of the common duct to the first portion of the duodenum, as it courses 
in the hepatoduodenal ligament, may account for the association of 
duodenal ulcer with fistulas into the common duet. 

There is general agreement as to the usual pathologic process con- 
cerned in the formation of a fistula, and this has been sufficiently dis- 
cussed in previous papers"’ 102 so that it need not be repeated here. 
Attention, however, should be called to the fact that a regurgitation 
from the intestinal tract through the fistula into the biliary system 
may occur and, consequently, intestinal contents can be demonstrated 
in the bile ducts. Gas under definite pressure has been found in a 
number of eases in which the common duct has been explored at opera- 
tion. This accounts, no doubt, for the roentgenologic findings which 
will he described later. 

A fistulous tract once formed may close spontaneously upon removal 
of the obstructing factor. The only resulting evidence of the fistula, 
then remaining, is visceral adhesions between the organs involved. 
It is probably for this reason that biliary fistulas are so rarely found 
at the autopsy table. Courvoisier’s 22 statement that there are three 
times as many eases of intestinal obstruction due to gallstones, re- 
ported in the literature, as there are eases of gallbladder-intestinal 
fistula, emphasized the fact that internal biliary fistula must be a much 
more frequent occurrence than postmortem statistics would indicate. 
Ill all these eases of gallstone obstruction a fistulous opening must 
have been formed or the common duct dilated to a fistulous character, 
hut the disappearance of the fistula prevents its detection, either at 
operation or at autopsy. 

In the majority of instances gallstones probably enter the intestinal 
trnet through the common duet rather than by true fistula formation. 
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associated cholecystitis and cholelithiasis. In 14 of 16 cases of the 
choledochoduodenal type reported in the roentgenologic literature, a 
diagnosis of duodenal ulcer was indicated either by the clinical history 
or by the operative findings. Neoplastic growths have been said to 
be associated with the cholecystocolie type of fistula more than in any 
of the other types. Murclieson” for example, found carcinoma as the 
cause in 6 out of 9 cases. Most of the cases recognized on x-ray exami- 
nation, however, have been due to gallstones. In our autopsy records 
only one of 6 cases was associated with a carcinoma. 

Common duct obstruction, usually by a stone, with a patent cystic 
duct, is an important associated pathologic condition. The biliary 
obstruction thus produced is the initial factor in the fistula formation. 
Even though a stone is not found in the common duct at operation, 
evidence of previous obstruction is nearly always present. The in- 
timate anatomic relationship between a distended gallbladder and the 
second part of the duodenum accounts, no doubt, for the greater fre- 
quency of fistulas between these two organs. Similarly the proximity 
of the common duct to the first portion of the duodenum, as it courses 
in the hepatoduodenal ligament, may account for the association of 
duodenal ulcer with fistulas into the common duct. 

There is general agreement as to the usual pathologic process con- 
cerned in the formation of a fistula, and this has been sufficiently dis- 
cussed in previous papers 73 ' 102 so that it need not be repeated here. 
Attention, however, should be called to the fact that a regurgitation 
from the intestinal tract through the fistula into the biliary system 
may occur and, consequently, intestinal contents can be demonstrated 
in the bile ducts. Gas under definite pressure has been found in a 
number of cases in which the common duet has been explored at opera- 
tion. This accounts, no doubt, for the roentgenologic findings which 
will be described later. 

A fistulous tract once formed may close spontaneously upon removal 
of the obstructing factor. The only resulting evidence of the fistula, 
then remaining, is visceral adhesions between the organs involved. 
It is probably for this reason that biliary fistulas are so rarely found 
at the autopsy table. Courvoisier’s 22 statement that tbei'e are three 
times as many cases of intestinal obstruction due to gallstones, re- 
ported in the literature, as there are cases of gallbladder-intestinal 
fistula, emphasized the fact that internal biliary fistula must be a much 
move frequent occurrence than postmortem statistics would indicate. 
In all these cases of gallstone obstruction a fistulous opening must, 
have been formed or the common duet dilated to a fistulous character, 
hut the disappearance of the fistula prevents its detection, either at 
operation or at autopsy. 

In the majority of instances gallstones probably enter the intestinal 
tract through the common duct rather than by true fistula formation. 
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I’iic ability of {he common duct to pass stones large enough to produce 
intestinal obstruction is amazing, but verified reports of such cases 
have been recorded. J'Yom the roentgenologic standpoint such a pas- 
sage produces a condition 'which is quite similar to a true internal 
biliary fistula. Dilatation of the terminal portion of the common duct 
by a passing stone often results in a temporary or permanent loss of 
the sphineteric function formerly present in the distal end of the duct, 
and iji the duodenal wall. Williams and Bush 118 have cited anatomic 
and experimental evidence to prove that an incompetent sphincter of 
Oddi is most commonly caused by the passage through it of a large 
stone. Akerlund, 1 however, has shown that chronic pancreatitis may 
also be related to an incompetent sphincter; temporary incompetence 
likewise occurs following cholecystectomy. As in the case of a .true 
fistula, regurgitation can be brought about by increasing the duodenal 
pressure, below the sphincter of Oddi, above that of the biliary pres- 
sure in the common duct. Clinically also the condition may resemble, 
in certain respects, a true internal fistula. In consideration of the 
frequency of common duct stones and their passage into the intestinal 
tract, it is logical to suspect that a loss of this sphineteric action is fre- 
quently found. Courvoisier," in studying a series of cases of common 
duet stones, found that 14 per cent had a dilated and wide open 
ampulla of Vater. Since an incompetent sphineteric action is difficult 
to demonstrate at the postmortem table, it follows that this condition 
may be diagnosed by x-ray examination far more frequently than 
autopsy statistics would indicate. It will be noted in Table II that 
practically 20 per cent of the cases diagnosed by roentgen examination 
show this type of fistulous formation. For practical purposes, this 
mode of communication between the biliary tree and the intestines 
may be considered fistulous even though the tract is through a natural 
duct. 

CLINICAL FINDINGS 


Sudden and unusual relief from long-standing intermittent gall- 
bladder pain and jaundice constitute the chief clinical features of 
spontaneous internal biliary fistula. Nevertheless, cases have been 
reported with absence of any symptoms referable <o this condition. 
Despite the reflux of gastrointestinal contents into the biliary system, 
clinical cholangeitis is not a frequent finding. The absence of evidence 
of infection however, does not preclude the possibility of pathologic 
changes occurring in the biliary tract and liver, as has been pointed 
* T> ea ver. r Diarrhea, cramps, and emaciation are frequently 

0U -Ana -with the clioleeystocolic type of fistula, while symptoms 
associa .j obstruc tion in varying degrees arc present in 

suggesting tynes of eases. Some degree of chronic ehole- 

about : one- a 0 alwavs present in all cases, and an active fistula 
cystitis is P vac 1C< - symptoms which have been present. A 

will usually perpetuate 
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relative absence of symptoms, in the presence of an active fistula, is, 
no doubt, explained by the wide open stoma and the free drainage 
of the biliary system which this permits. A well-healed fistula may 
produce no definite symptoms whatever. 

ROENTGENOLOGIC DIAGNOSIS 

Previous to the era of roentgen diagnosis the preoperative or ante 
mortem diagnosis of internal biliary fistula was seldom if ever made. 
Emesis of a gallstone or its passage per rectum constituted practically 
the sole diagnostic sign. At the present time certain roentgenologic 
criteria indicate the presence of internal fistula with almost positive 
certainty, and these can be obtained with relative ease. 

In 1915, Hunt and Hei’bst 47 reported a ease in which the barium 
meal study showed an apparent duodenal diverticulum. At operation, 
subsequently, a eholeeystoduodenal fistula was found. Case, 21 in 1916, 
reported the x-ray findings in two cases of postoperative eholec.vsto- 
enterostomies. A year later Carman and Miller 20 observed filling of 
the biliary tree with barium and at operation a eholeeystoduodenal 
fistula was present. In 1919, Busi 1T observed both gas and barium in 
the bile ducts, assumed a fistulous connection with the intestinal tract to 
be the cause, and the diagnosis was substantiated at opei'ation. Judd 
and Burden, 51 in 1925, reported 153 cases of spontaneous internal 
biliary fistula, only one of which had been diagnosed by x-ray exami- 
nation. In 24 eases found in the autopsy records of the Department 
of Pathology of the University of Minnesota from 1925 to 1935, only 
one ease bad been diagnosed by this means. Since 1928, however, 
numerous reports have appeared, there being at this time 78 recorded 
eases in the literature, if the cases of dilated common duct be included. 
To these we wish to add 8 cases of our own. The cases previously 
reported as diagnosed by roentgen examination are listed in Table III 
and the classification as to types is indicated. In this table are also 
included the eases artificially produced by surgical procedures which 
have been demonstrated by x-ray examination. The cases, roentgeno- 
logienlly diagnosed, which we are reporting, arc summarized in Table 
IV. 

The roentgenologic signs of internal biliary fistula may be sum- 
marized briefly as follows : 

1. Direct Signs 

a. fins, or barium, or both in the gallbladder or biliary tree. 

b. Mucous membrane changes at the stoma of the fistula. 

2. Indirect Signs 

a. Nonfunctioning gallbladder (eholeeystogramf . 

I he most important x-ray sign of an internal biliary fistula is the 
presence of gas in the gallbladder or bile ducts. It must be borne in 
mind, however, that this may occur ns a result of three conditions. 
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Die ability oj. the common duel to pass stones large enough to produce 
intestinal obstruction is amazing, but verified reports of such cases 
have been recorded. From the roentgenologic standpoint such a pas- 
sage produces a condition ivhich is quite similar to a true internal 
biliary fistula. Dilatation of the terminal portion of the common duct 
by a passing stone often results in a temporary or permanent loss of 
the spliineteric function formerly present in the distal end of the duct, 
and in the duodenal wall. Williams and Bush 118 have cited anatomic 
and experimental evidence to prove that an incompetent sphincter of 
Oddi is most commonly caused by the passage through it of a large 
stone. .Akci’lund, 1 however, lias shown that chronic pancreatitis may 
also be related to an incompetent sphincter; temporary incompetence 
likewise occurs following cholecystectomy. As in the ease of a true 
fistula, regurgitation can be brought about by increasing the duodenal 
pressure, below the sphincter of Oddi, above that of the biliary pres- 
sure in the common duct. Clinically also the condition may resemble, 
in certain respects, a true internal fistula. In consideration of the 
frequency of common duet stones and their passage into the intestinal 
tract, it is logical to suspect that a loss of this spliineteric action is fre- 
quently found. Courvoisier, 22 in studying a series of eases of common 
duct stones, found that 14 per cent had a dilated and wide open 
ampulla of Vater. Since an incompetent spliineteric action is difficult 
to demonstrate at the postmortem table, it follows that this condition 
may be diagnosed by x-ray examination far more frequently than 
autopsy statistics would indicate. It will be noted in Table II that 
practically 20 per cent of the eases diagnosed by roentgen examination 
show this type of fistulous formation. For practical purposes, this 
mode of communication between the biliary tree and the intestines 
may be considered fistulous even though the tract is through a natural 
duct. 

CLINICAL FINDINGS 


Sudden and unusual relief from long-standing intermittent gall- 
bladder pain and jaundice constitute the chief clinical features of 
spontaneous internal biliary fistula. Nevertheless, cases have been 
reported with absence of any symptoms referable to this condition. 
Despite the reflux of gastrointestinal contents into the biliary system. 
clinical cholangeitis is not a frequent finding. The absence of evidence 
of infection however, does not preclude the possibility of pathologic 
changes occurring in the biliary tract and liver, as has been pointed 
“ Beaver. 2 Diarrhea, cramps, and emaciation are frequently 
° llt i the cholccystoeoUc type of fistula, while symptoms 
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1. Spontaneous or operative fistulous connection between some part 
of the biliary system and the gastrointestinal tract. 

2. Regurgitation through the sphincter of Oddi via the ampulla of 
Yater. 

3. Emphysema from bacterial action. 

The presence of gas in the biliary ducts (Pigs. 1, 4, and i ) may be 
detected by linear areas of rarefaction, tubular in shape, and with 
the characteristic branching of the bile ducts. In some respects gas 
may be detected more easily than barium, as it may be shown in the 
ordinary films of the gallbladder region without the use of any con- 
trast media. While the vascular markings of the liver may rarely 
simulate a gas-filled biliary tree, the shape of the bile ducts is 
usually so characteristic that they are unmistakable. The visualiza- 
tion of the gas-containing biliary system gives less specific informa- 
tion than does the presence of barium as to the type of pathology 
present, in that no localization of the fistula may thus be obtained. 
The presence of gas, horvever, is definite evidence of either a fistula, 
an incompetent sphincter, or emphysema from bacterial action — a very 
rare occurrence. We have seen one case of the latter type, and here 
the bubblelike character of the gas shadows permitted a ready differ- 
entiation. It is notable that gas may be detected in the gallbladder 
films of eases in which efforts to produce a barium filling of the biliary 
system have failed. It is advisable to make the examination in both 
the anteroposterior and posteroanterior positions, as the gas will 
occasionally lie observed in one when not seen in the other. The 
presence of gas is no doubt the most reliable single sign of a patho- 
logic connection between the biliary system and the intestinal tract. 

The second finding is a right paraduodenal accumulation of the con- 
trast media which represents a filling of the gallbladder itself (Figs. 
2, 7, and 9). The gallbladder alone or, in addition, the cystic and 
hepatic ducts, may be demonstrated. Extensive filling of the biliary 
tree is unusual ; more often only the lowermost portion will be seen. 
Certain procedures greatly facilitate the filling of the biliary system 
with contrast media. An examination in the prone position with the 
patient lying on his right side is most likely to produce a filling, fol- 
lowing a wave of peristalsis in the duodenum. Reexamination half an 
hour after the ingestion of llie barium meal, during which time the 
patient has been recumbent and turned on his right side, will also 
often be effective. The pocket of contrast media seen in these cases 
must be differentiated chiefly from a duodenal diverticulum. Usually 
diverticula occur on the mesenteric side of the duodenum rather than 
on the lateral side, as is the case with barium in the gallbladder. Fur- 
thermore. the latter shadow is often irregular, segmented, or stippled 
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hi appearance, while diverticula are smooth and rounded . In addi- 
tion, folds of mucous membrane may frequently be demonstrated in 
the neck of a diverticulum, whereas these are obviously absent in the 
tract of a fistula or even in a dilated common duel. 

Changes in the contour of the mucous membrane of the gastro- 
intestinal tract around the stoma of the fistula are regularly present 
(Figs. 2 and 5). The folds of mucous membrane are irregular and 
indistinct and show a loss of elasticity. These findings often simulate 
the mucous membrane change seen in carcinoma. The duodenal bulb, 
when it is the site of the fistula, shows a constant irregular defect 
in its contour (Fig. 2), probably secondary to. these mucous membrane 
changes. Partial stenosis of the duodenum may also be present, par- 
ticularly in the second portion just beyond the duodenal bulb. In the 
cholecystocolic type of fistula, irregular spastic contraction at the site 
of the stoma in the colon can usually be made out. 

Choleeystographie study, with rare exceptions, shows a nonfunction- 
ing gallbladder. Since cholecystitis is almost always present due 
either to the original inflammatory condition or to persistence of the 
infection from regurgitation, the above finding is a most frequent 
accompaniment of biliary fistula. Negative choleeystograms, there- 
fore, constitute strong evidence against the presence of any fistulous 
connection. 

The various types of fistula have somewhat different characteristics. 
In general, the distinction is largely based upon the position of the 
barium-filled fistula in relationship to the gastrointestinal tract and 
the location of the mucous membrane changes previously described. 
In the choleeystoduodenal fistula, for example, the usual findings are a 
right paraduodenal accumulation of barium (Figs. 7 and 9), visualiza- 
tion of a fistulous tract and of the cystic and hepatic duels filled with 
air or barium (Fig- I), a deformed bulb or local mucous membrane 
changes in the upper portion of the second part of the duodenum, and 
evidences of a nonfunetioning gallbladder. The findings in this fype 
of fistula are illustrated in the report of Case 3. This ease showed, in 
addition, a gallstone obstruction. 

In the choledochoduodenal fistula, there is shown first, a filling of 
the upper portion of the common duct with barium which extends 
directlv from the duodenum. This is followed by filling of the cystic 

1 hepatic ducts and possibly the gallbladder itself. The following 
ease is reported to illustrate the findings in this typo of fistula. 

woman aged fifty-four years, was first seen April 20, 19.14. Slip 

CASE 1. ' ‘ ’ vcars , f I,e liad recurrent attacks of epignstric pain, 

stated that for t >c P» s ^ • nuring (|, 0 first attack in W2S, the patient mm 
vomiting, chills, ^ - C qtient attacks no jaundice was noted. A cholcc/sfogram on 
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May 2, 1934, showed a pathologic nonfunetioning gallbladder, and gas could be 
visualized in the bile ducts (Pig. 1). A gastrointestinal examination on May 7, 
1934, showed a deformed duodenal bulb and extension of barium from the duodenum 
directly into the common duct (Pig. 2). The upper portion of the dilated common 
duct, and very probably the di3tal end of the adjoining cystic duct, both filled with 
barium, could be visualized just above the duodenal bulb. The lower portion of 
the common duct was not visualized. Roentgen diagnosis: Choledochoduodenal 
fistula. 



1 . 111 , . l i: Tyniciil roentgenogram of gallbladder region, showing gos-flllcd 

iiio'imi,,. i 3 . arrows ) . Lower arrow points to upper portion of common duct. Note 

res, mi. M s mpe „ a,,l l branching course or the areas of increased radiahllltv rep- 
resenting the smaller ducts. ' 


COMMENT 

Our in live biliary tree indicated a fistula, and the tract between the 
common bile duet and the duodenum was determined by the barium 
meal examination. Filling of the upper portion of the common duct, 
with absence of barium ill the lower half is the crucial point in deter- 
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mining the exact type of fistula. The duodenal irregularity and ab- 
sence of a shadow of the gallbladder itself are also important points. 

The initial attack experienced by the patient was probably asso- 
ciated with biliary obstruction, since the patient was jaundiced. The 
subsequent absence of jaundice indicates relief of the biliary obstruc- 
tion. The recurrent chills, fever, vomiting, and pain might well be 
associated with cholangitis. 

The fistula formation probably accounted for the entire picture, 
since it provided a biliary drainage, yet permitted regurgitation of 
intestinal contents into the ducts, with the subsequent development 



i Roentgenogram after barium meal. Note the barium extending 
, . .1 „ niinterl irregular common duct (medial arrow). The cystic duct with barium 

Into the dilated, 1 right, and the gas-filled hepatic ducts are shown above 

filling is shown to , , f t!ie duodenal bulb into which the fistula extends. 

MUcous* rnembt^ne ,l chan^rs are also present (lateral arrow). 


f cholangitis. If regurgitation occurs over a period of years, patho- 
Lic changes in the biliary system are a very likely consequence. 

choledochoduodenal fistula communicates with the dtiode- 
V , “ * t1ie u u lb it can only rarely be differentiated, by roentgen 
num beyond them iu, rg . |ation throURh a wide ampulla and 

examination a o , Tu^thc latter ease, the characteristic finding 

a dilated ^— common duet (Fig. 5) at its normal site, beginning 
is barium 1 . . f t)lc SCC ond part of the duodenum, about 

medially in the ^ ^Tus. In the ease of a true fistula, in 
ten centimeters from the P)i«» 
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which there is a communication with the proximal segment of the 
common duet, this fills directly after the filling of the first portion 
of the duodenum, and the diagnosis may he readily apparent. When 
a true fistula, however, has its entrance near the ampulla of Vater, 
the difficulty of differentiation from other conditions becomes very 
great. Aside from the possibility of a dilated ampulla producing this 
finding, there is also the possibility of a true duodenal diverticulum, 
which may also produce a pocket of barium in this region. Diverticula 
are very frequently found near the ampulla of Vater, and in an occa- 
sional case it may be impossible to differentiate them. Visualization 
of the common and pancreatic duets together, in a fork-shaped man- 
ner, with rapid emptying after filling, may be observed, if there is a 
dilated ampulla of Vater. Diverticula are characteristically round 
and smooth, without any such forking of the neck; usually there is 
retention of barium for a considerable period of time. The following 
case is reported to illustrate the roentgen diagnosis of a dilated com- 
mon duct with regurgitation. 

Case 2. — A woman, aged sixty-seven years, was admitted to the University 
Hospital on Sept. 28, 1928. The history obtained was typical of chronic gall- 
bladder disease. Subsequent cholecystographic studies showed a large gallstone in 
the gallbladder (Pig. 3). For various reasons no gallbladder surgery was under- 
taken at that time. The patient revisited the outpatient clinic with practically the 
same type of complaints on Feb. 19 and March 20, 1929. She was readmitted on 
May 18, 1929, at which time the patient reported the passage per rectum of a 
large gallstone. Previous to passage of the s tone the patient had experienced 
crampy, colicky abdominal pains. She had also noted- fatty food distress, and 
occasionally constipation. After the passage of the stone there was considerable 
improvement in her condition. 

A cliolccystogram on Aug. 1, 1929, showed gas in the Idle ducts and the previously 
reported gallstone was not visualized (Fig. 4). Gastrointestinal examination with a 
harium meal showed regurgitation of ttie media into the common bile duct (Fig. 
a). This formed the basis for the diagnosis of incompeteney of the common duct 
sphincter from passage of a large gallstone. 

COMMENT 

futs in the biliary tree indicated Ihe presence of a fistulous connec- 
tion between the biliary tract and the intestinal tract. The disappear- 
ance of the previously demonstrated calculus confirmed this. The 
exact type of fistula, namely an incompetent common duet sphincter, 
was demonstrated by barium filling of the common duct. The length 
of time the common duct sphincter remains incompetent following 
passage of a stone 5s indefinite. In this ease the sphincter had re- 
mained incompetent for at least two and a half months. 

Despite the regurgitation of intestinal content into the bile duets, 
" 'ritfioHhVdly occurred, the symptoms were nol indicative of 
cholangitis. This demonstrates Ihe fact that clinical cholangitis does 
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not invariably result when regurgitation of intestinal contents into 
the biliarj 7 system occurs. Following passage of the stone per rectum, 
this patient improved quite markedly. She refused operation on the 
grounds that her general health had improved. If regurgitation con- 
tinues over a period of years, pathologic changes in the biliary system 
are j>raetically certain to take place. It then becomes apparent that 
the cure by fistula formation may be worse than the disease itself. 



Fig. 3. — Case 2. 


Cholccvstograni made Oct. 9, 192$, showing a single large gallstone 
(arrows). 


In the cholecystocolic type, the fistula practically always joins the 
i „ the r jo-ht hepatic flexure. Cases diagnosed by roentgen «- 
00 ° . . ° ue h more uncommon than the other types, due in 

am ? a +n The difficulty of visualizing the region of the fistula or the 
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gallbladdei a -\yjfh the enema examination the fistulous trael 
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maybedemonstiau ' , ritv constriction, and mucous membrane 
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changes may be seen in the hepatic flexure of the colon. The mucous 
membrane changes are no doubt of the greatest value in the observa- 
tion of this type of fistula. The folds will be indistinct, irregular, and 
often will simulate carcinoma. These changes have been ascribed to 



Nntc'WvStaS ,:hpc“rot°^ m in' n u,1. C , V 23 ; sflcr , Wsa E' of Stone. 

rtm<low xcon In Ftes &d be obse^Si. (arro ' vs) - Thc ^sence of 


tht in(i on of infected bile. The double contrast enema, that is. the 

]" • < ’ 1 ' 10 r ,Iou wi,h nip 1 ' o!1 ‘" vin - ,1 »‘ evacuation of the ordinary 

barium ° '°T' 1S of preat V5,h,c in determining these changes. The 
barnun meal may also be used and the filling of the colon by this 
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means occasionally reveals the fistulous tract. Here, as elsewhere, 
gas in the biliary ducts may be the first and only sign of the presence 
of a fistula. 

In the eholecystogastric fistula the demonstration of the barium- 
filled tract, extending from the prepyloric area to the gallbladder re- 
gion, is of prime importance. Mucous membrane changes with spasm, 



„ „ Ttni'ntccnogram niter barium meal, showlnr refrunrltiitton of 

Fig. 5- — Case -- noe b . onl .. lower portion of which Is fllleci. Note 
barium into common uuct 1 . tt ie second portion of the duodenum at the Junction 

wl 01° the° common” duct U -row,. 

mirl constriction of the prepyloric portion of the stomach 
contraction,. Spontaneous eholecystogastric fistulas are ex- 

are also obsen ■ ’ „ ^ 2 , found no reports of this type of 
tremely rare. ' an ’ VC nrs. His case was discovered when n 
fistula in the preceding - {wcntv .f om . hours after the barium 

follow-up examinations as m. 
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meal, and showed a localized residue in the gallbladder region. 
Pohlandt’s 88 case became evident when air was visualized in the bile 
ducts following the administration of dye for a gallbladder study. In 
the reported cases of this type a direct fistulous connection between 
the gallbladder and the prepyloric region of the stomach has been 
present. The exact type of fistula becomes apparent, obviously, when 
the fistula is filled with the contrast media. An examination one-half 
to one hour after the ingestion of the barium meal is important, since 
at this time the fistula may contain barium while tlie stomach itself 
has emptied. 

Brouchobiliary fistulas are very infrequently found. Oliani, 83 in 
1923, summarized 63 cases, hut only 4 cases have been reported diag- 
nosed by roentgen study. The fistulous tract usually leads from a 
liver abscess through the right diaphragm and into a branch of the 
right bronchial tree. Bile in the sputum constitutes the chief clinical 
finding. Gallstones and hydatid cysts are the usual causative factors. 
Injection of iodized oil into the bronchi occasionally will outline the 
fistulous tract. The tract will often heal spontaneously if the stone 
can he removed. 


GALLSTONE OBSTRUCTION — A COMPLICATION OF INTERNAL BILIARY FISTULA 


Gallstone obstruction is not an extremely rare condition, as illus- 
trated by the fact that Edward, ss in 1910, had collected 250 cases, 
Wagner, 115 in 1914, had collected 334, and by 1925, Moore 75 bad col- 
lected 400 eases. The incidence is indicated by Bennett’s® figures in 
which lie showed that in 3,064 eases of intestinal obstruction, 28 were 
due to gallstones, a percentage of 0.9. In small series, Henry 4,1 and 
Powers 8 ® give the incidence at 3.0 per cent and 2.5 per cent respec- 
tively. Other authors have estimated the frequency of occurrence of 
intestinal obstruction due to gallstones as high as 1 in 15 cases (Fitz 35 ) 
and as low as 1 in 2S0 eases (Bloodgood 14 ). Martin 09 found only 16 
eases of gallstone obstruction in 500,000 patients operated upon. In 


our own postmortem records there are only 31 cases of gallstone 
obstruction found in 19,474 autopsies, a percentage of 0.056. It ap- 
pears from these figures that gallstone obstruction occurs much less 
frequently than internal biliary fistuia. Since over one-half of the 
gallstones entering the gastrointestinal tract are passed spontaneously 
per rectum, this disassociation of fistula and obstruction is not surpris- 
ing. In Judd's-’ series of 353 operated eases of internal biliary fistula, 
only one case of intestinal obstruction due to stones was found. How- 


ever, in 1 1 of Die 24 cases of internal biliary fistula found in our autop- 
sies, some intestinal obstruction duo to the passed gallstone was en- 
countered. It is obvious that autopsy statistics are likely to show a 
higher percentage of gallstone obstruction than figures derived from 
surgical records because of the fatal character of this disease. Stones 
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usually enter the bowel through the cholecyst oduodenal route; iu 10 
of 11 cases in our autopsies and in 69 per cent of Courvoisier’s cases, 
entrance was gained through this tract. 

It should be pointed out again that the finding of gallstone obstruc- 
tion does not necessarily imply the presence of a true or active fistula. 
This may be due to a variation in the time of the onset of the obstruc- 
tion following the entrance of the stone into the intestine. Frequently 
the length of time elapsing between the passage of the stone into the 
intestine and the development of the obstruction permit the fistulous 
tract to heal, only adhesions remaining between the gallbladder and 
the intestine. Angle 3 recently reported 1 case in which he estimated 
the stone had been present in the bowel for one year, and in 2 other 
cases the obstruction became acute after the stone had been present 
four months. Treves 112 also reported a case in which the gallstone re- 
mained in the bowel for ten years. 


In addition to this, the possibility of obstruction occurring from 
the passage of stones through the common duet into the bowel, re- 
sulting in a stretched sphincter, but without a true fistula, as stated 
above, must he considered. Courvoisier 22 states that a stone large 
enough to cause intestinal obstruction occasionally passes through the 
common duet. In 7 of the 35 cases of intestinal obstruction due to 
gallstones, cited by him, the route taken by the stone was through the 
common due t itself. In 1 of these cases the common duct was dilated 
to the size of the gallbladder ; in another, a stone 4 inches in circum- 
ference had passed through the common duet resulting in intestinal 
obstruction. It follows that although the surgeon may be unable to 
find a true fistulous tract between the biliary system and the intestinal 
tract, a dilated common duet may indicate the passage taken by the 
stone. While it is probable that most small stones enter the intestine 


through the common duet, those large enough to cause obstruction 
usually enter through a cholecystoduodenal fistula. The physical char- 
acteristics are probably more important than the size of the stone in 


determining the probability of obstruction. A relative^ small stone, 
if sharp and angular, may cause a local spasm of the bowel wall and 
result in obstruction. This accounts for the cases of gallstone obstruc- 
tion terminating fatally, in which small stones have been found free 
in the lumen of the bowel. Sharp, irregular stones are the most likely 
to cause local changes in the mucous membrane, resulting in nlcern- 
perforation of the bowel. In one of the cases of gallstone 
obstruction in our postmortem records, a faceted calculus, 2.8 by 1.8 
‘ m size resulted in obstruction, causing death of the patient. In 
01,1 ‘ 1 ‘ 'A 0 f gallstone obstruction, impaction of the stone had 
the other - ‘ ponded stones, however, even if of considerable 
occurred. - intestinal tract with relatively meager evi- 

size, may Pjw In one case of cholecystoduodenal fistula 2 
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stones, measuring 4 centimeters in diameter, were found in tlie small 
intestine ; these, in spite of their size, had not caused intestinal obstruc- 
tion. Stones entering directly into the colon are nearly always passed 
per rectum, regardless of size. Rolleston 97 states that stones over 1 
inch in diameter are usually impacted in the small bowel at or near 
the ileocecal valve, and most authorities are agreed that the majority 
of obstructions occur in the terminal ileum. Crane 23 has commented 
on the infrequency of duodenal obstruction by gallstones, having 
found only 4 cases reported between 1923 and 1931 ; prior to 1912 
Thompson 111 had found only 12 such eases reported. 

Gallstone obstruction occurs most frequently in females, as one 
might expect. Courvoisier 22 studied 102 cases, 69 per cent of which 
were females ; 82 per cent of his eases were over fifty years of age and 
61 per cent over sixty years. In 11 eases of gallstone obstruction in 
our autopsy series all the patients were females and the average age 
was sixty-six. 

The clinical diagnosis of gallstone obstruction is apparently a very 
difficult one. Characteristically, these cases exhibit a tendency to sub- 
chronic or chronic symptoms of obstruction, with periods of more or less 
obscure abdominal discomfort alternating with periods of relative freedom 
of symptoms. The pain is ascribed to spasm of the bowel around the 
stone, and the slow passage of the stone downward produces a clinical 
course of intestinal colic with unusual variations. The symptoms often 
are insufficient to cause concern until a few days after the passage 
into the bowel occurs, and definite signs may be delayed even longer. 
When the impaction of the stone finally does occur, persistent vomit- 
ing with intermittent colicky pain, characteristic of intestinal obstruc- 
tion, become prominent features. This obscure clinical course often 
results in delay on the part of the patient in seeking medical advice. 
Scheie 100 has commented on the unusual period of time elapsing from 
the onset of symptoms to the admission of the patient to the hospital. 
The relation of this time factor to the mortality rate is self-appai’ent. 
Gallstone obstruction should be thought of in any case in which 
Ihere is a major abdominal catastrophe and a history of previous 
attacks of biliary colic. The mortality from this disease has been 
estimated at from 56 to 92 per cent by various authors, 44 ’ GD ' 74> 75 > 7S> 303 a 
much higher rate than in cases of obstruction due to other causes. 
Ibis is, no doubt, due to the delay in diagnosis incident to the difficulty 
of estimating the clinical symptoms. 


ROENTGENOLOGIC DIAGNOSIS 

H\e preoperative roentgenologic diagnosis of intestinal obstruction 
due to gallstones has been made in very few cases. So far as we can 
determine 1 -. -v ,„ 0 on , y 7 suc j, reports appear in the litera- 
ure. b ailure to consider the possibility of biliary calculi as the cause 



366 


SURGERY 


usually enter the bowel through the cliolceystoduodeual route; in 10 
of 11 cases in our autopsies and in 69 per cent of Courvoisicr’s cases, 
entrance was gained through this tract. 

It should he pointed out again that the finding ol' gallstone obstruc- 
tion does not necessarily imply the }>rcsence of a true or active fistula. 
This may he due to a variation in the time of the onset of the obstruc- 
tion following the entrance of the stone into the intestine. Frequently 
the length of time elapsing between the passage of the stone into the 
intestine and the development of the obstruction permit the fistulous 
tract to heal, only adhesions remaining between the gallbladder and 
the intestine. Angle 3 recently reported 1 case in which he estimated 
the stone had been present in the bowel for one year, and in 2 other 
cases the obstruction became acute after the stone had been present 
four months. Treves 132 also reported a case in which the gallstone re- 
mained in the bowel for ten years. 


In addition to this, the possibility of obstruction occurring from 
the passage of stones through the common duct into the bowel, re- 
sulting in a stretched sphincter, but without a true fistula, as stated 
above, must be considered. Courvoisier 22 states that a stone large 
enough to cause intestinal obstruction occasionally passes through the 
common duct. In 7 of the 35 cases of intestinal obstruction due to 
gallstones, cited by him, the route taken by the stone was through the 
common duet itself. In 1 of these cases the common duct was dilated 
to the size of the gallbladder; in another, a stone 4 inches in circum- 
ference had passed through the common duct resulting in intestinal 
obstruction. It follows that although the surgeon may be unable to 
find a true fistulous tract between the biliary system and the intestinal 


tract, a dilated common duct may indicate the passage taken by the 
stone. While it is probable that, most small stones enter the intestine 
through the common duct, those large enough to cause obstruction 
nsuallv enter through a cliolceystoduodeual fistula. The physical char- 
acteristics arc probably more important than the size of the stone in 


determining the probability of obstruction. A relatively small stone, 
if sharp and angular, may cause a local spasm of the bowel wall and 
result in obstruction. This accounts for the eases of gallstone obstruc- 
tion terminating fatally, in which small stones have been found free 
in the lumen of the bowel. Sharp, irregular stones are the most likely 
to cause local changes in the mucous membrane, resulting in uleera- 
‘ K i nerforation of the bowel. In one of the cases of gallstone 
Instruction in our postmortem records, a faceted calculus, 2.8 by l.S 
• si7e resulted in obstruction, causing death of the patient In 
cm. m • ■ , .rjiUslone obstruction, impaction of the stone had 

tl,p 0t 'T « 'ioot'b rounded stones, however, even if of considerable 
occurred. • intestinal tract with relatively meager cvj- 

size, may P nsS 1 11 „ qc 0 f cbolecvstoduodcnnl fistula 2 
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stones, measuring 4 centimeters in diameter, were found in the small 
intestine ; these, in spite of their size, had not caused intestinal obstruc- 
tion. Stones entering directly into the colon are nearly always passed 
per rectum, regardless of size. Eolleston 9, states that stones over 1 
inch in diameter are usually impacted in the small bowel at or near 
the ileocecal valve, and most authorities are agreed that the majority 
of obstructions occur in the terminal ileum. Crane 23 has commented 
on the infrequency of duodenal obstruction by gallstones, having 
found only 4 cases reported between 1923 and 1931; prior to 1912 
Thompson 111 had found only 12 such eases reported. 

Gallstone obstruction occurs most frequently in females, as one 
might expect. Courvoisier 22 studied 102 cases, 69 per cent of which 
were females ; 82 per cent of his cases were over fifty years of age and 
61 per cent over sixty years. In 11 eases of gallstone obstruction in 
our autopsy series all the patients were females and the average age 
was sixty-six. 

The clinical diagnosis of gallstone obstruction is apparently a very 
difficult one. Characteristically, these eases exhibit a tendency to sub- 
chronic or chronic symptoms of obstruction, with periods of more or less 
obscure abdominal discomfort alternating with periods of relative freedom 
of symptoms. The pain is ascribed to spasm of the bowel around the 
stone, and the slow passage of the stone downward produces a clinical 
course of intestinal colic with unusual variations. The symptoms often 
are insufficient to cause concern until a few days after the passage 
into the bowel occurs, and definite signs may be delayed even longer. 
When the impaction of the stone finally does occur, persistent vomit- 
ing with intermittent colicky pain, characteristic of intestinal obstruc- 
tion, become prominent features. This obscure clinical course often 
results in delay on the part of the patient in seeking medical advice. 
Scheie 100 has commented on the unusual period of time elapsing from 
the onset of symptoms to the admission of the patient to the hospital. 
The relation of this time factor to the mortality rate is self-apparent. 
Gallstone obstruction should be thought of in any case in which 
there is a major abdominal catastrophe and a history of previous 
attacks of biliary colic. The mortality from this disease has been 
estimated at from 56 to 92 per cent by various authors, 1 ' 1 ’ CD ' 74 > T5 - TS > 303 a 
much higher rate than in cases of obstruction due to other causes. 
This is, no doubt, due to the delay in diagnosis incident to the difficulty 
of estimating the clinical symptoms. 


HOKNTGEXOLOGIC DIAGNOSIS 

Die preoperative roentgenologic diagnosis of intestinal obstruction 
dm- to gallstones has been made in very few cases. So far as we can 

determine 3 • - 1 ”•!,«. ^., no onJv - sm q, rC p 0r { S appear in the litera- 

tmo. I adore to consider the possibility of biliary calculi as the cause 
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of obstruction results in this rarity of roentgen diagnosis. Likewise, 
tiie justifiable reluctance in the use of a barium meal by mouth, in 
cases in which intestinal obstruction is a possibility, often results in 
the roentgenologist’s failure to determine the cause of the obstruc- 
tion. There can be little doubt that a number of the more obscure 
eases of ileus are traceable to the presence of a stone in the intestinal 
tract. 


It is well known that from 10 to 20 per cent of the adult population 
have calculi in the biliary tract, and these frequently enter the intes- 
tines. In the past, however, only those cases with stones causing a 
complete intestinal obstruction requiring surgery have been brought 
to the surgeon’s and roentgenologist’s attention. Over 50 per cent of 
stones, however, do not cause a high grade obstruction, but give rise 
to some occlusion of varying degree, and finally are passed spon- 
taneously by rectum. In this group, it may he expected that x-ray 
diagnosis of stones in the intestinal tract will be made with greater 
frequency in the future. 

The chief roentgenologic findings in gallstone obstruction may be 
due to three factors. The first is concerned with the ordinary signs 
of the fistula which preceded the obstruction. In this, as outlined 
above, the most important sign is a visualization of gas in the biliary 
system. Second, the gallstones themselves may be detected in the 
roentgenograms of the abdomen. Finally, there is, of course, the 
roentgenologic evidence of partial or complete obstruction of the 
intestine. 

When the etiology of an intestinal obstruction is in doubt and there 
is any indication in the clinical story which might implicate the gall- 
bladder, a localized film of the gallbladder region should be made, in 
addition to the usual abdominal films which are made now with great, 
regularity in cases of intestinal obstruction. If the gallstone is of the 
opaque type, it may he readily demonstrated either in the gallbladder 
region or possibly in some remote portion of the abdomen where the 
obstruction has occurred. Unfortunately, however, some 75 or SO per 
cent of the stones which are actually present cannot, be well seen in 
ihe ordinary films, either of the abdomen or of Hie gallbladder region 
itself The most important sign which will be revealed by these loeal- 
•zed films of the gallbladder region is the presence of gas in the biliary 


system. 

* , early stairs the ob.sfjwlmj) m;iy ho high in Iho jufesfui/j] 
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and later showed a circular filling defect in the intestine due to dis- 
placement of the contrast medium by the stone. This gives an ap- 
pearance similar to that of a tumor of the small bowel. Barium meal 
studies, however, should not constitute a routine procedure in cases 
of obscure obstruction because of the possibility that the barium itself 
may increase the degree of obstruction. Careful study of films made 



Ml,'. C. < list’ 3. H ui •?:! -rum nv.uK* Juiv >3. 1031. showing large muss of tvplc.il 
c&IcMled calculi ir. gu.Ubla<l«l«>r region. 


without contrast media should reveal sufficient findings to make the 
diagnosis clear. The possibilities of diagnosis and the eiiief roentgeno- 
logic findings are well illustrated in the following ease. 

' ' M ' "" ,,,an ' :l Ce.I sixty tun years, was first seen in Jane. I9C1. p or 

r n, .r ll: " 1 T, ’ oum ' nt aU!!,ks of upper quadrant pain 

*" :ir r: “ ,M,on ' hs-ni'iateil with jaundice, food distress, and m-rasioiinhy 
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vomiting. A cholecystogram showed a large number of stones in the gallbladder 
(Fig. G). Operation was advised, but the patient refused. The periodic gallbladder 
attacks continued. On July 15, 1932, the course of events suddenly changed, as 
the patient suffered an unusually severe attack of pain, and the usual jaundice 
did not appear. The picture was further complicated by the development of per- 
sistent vomiting, which continued until Aug. 11, 1932, when the patient was ad- 
mitted to the hospital in an extremely toxic and dehydrated condition. The icterus 
index upon admission was 12 ; the stool was positive for urobilin. The clinical ini- 



„ a Roentgenogram made Aug. 13, 1!>33, showing gas in hlllnrj- ducts 

Fig. <• — mrnduodenal accumulation of barium In gallbladder area (lower 
(upper arrow) am^pai „[ gallstone shadows shown In Fig. G. 
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rounded in con . ion on the following day disclosed gas in the bile ducts 

film of the gal a 1 , liri s s of gallstones previously reported (Fig. 7). Nasal 
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large mass of stones in the left lower quadrant (Fig. 8). Comparison with the 
previous film of the gallbladder region revealed a definite similarity to the stones 
previously visualized in the gallbladder. Gaseous distention of the small bowel 
was also shown, but the obstruction appeared to be only partial. 

A barium meal study of the stomach and duodenum on the next day showed 
extension of barium from the second portion of the duodenum into a tract leading 



lestlne’ ’''hpinosram of abdomen. show-ins sas in minted small in- 
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vomiting. A eholecyatograin showed a large number of stones in the gallbladder 
(Fig. G). Operation was advised, but the patient refused. The periodic gallbladder 
attacks continued. On July lu, 1932, the course of events suddenly changed, as 
the patient suffered an unusually severe attack of pain, and the usual jaundice 
did not appear. The picture was further complicated by the development of per- 
sistent vomiting, which continued until Aug. 11, 1932, when the patient was ad- 
mitted to the hospital in an extremely toxic and dehydrated condition. The icterus 
index upon admission was 12; the stool was positive for urobilin. The clinical im- 
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A fistula, the orifice of which was 2 centimeters in diameter, lead into the duodenum. 
Food particles were present in the gallbladder. The cystic duct was patent; the 
common duct was thicker than normal and the entire lower one-half was filled 
with concretions. 

A large immovable mass of gallstones was found in the lower ileum firmly filling 
the lumen of the bowel. There were two sharp projections present, which had 
caused perforation of the bowel. The stones were firmly matted together by some 
form of calcareous material. The mass could not be broken apart by moderate 
manipulation. 

COMMENT 

The observation of barium in the gallbladder fossa, following the 
gastrointestinal study, was the first clue to the diagnosis of a fistulous 
connection between the biliary system and the intestinal ti’act. Subse- 
quent visualization of gas in the biliary ducts confirmed this diagnosis. 
The demonstration of the mass of gallstones in the left lower quadrant 
indicated the diagnosis of gallstone obstruction. Later, following a 
barium meal by mouth, the fistulous connection to the gallbladder area 
was visualized, secondary changes in the duodenum were demonstrated, 
and the intestinal obstruction was confirmed. Absence of the pre- 
viously visualized mass of gallstones, combined with the clinical story 
of obstruction, immediately suggested intestinal obstruction due to 
gallstones. Giving the barium meal was an error and was really 
unnecessary in making the diagnosis. 

Tlie roentgenologic studies explain satisfactorily the clinical course 
of events in this case. The history of uniform gallbladder attacks 
with jaundice over a period of thirty-one years, suddenly changing 
to an unusually severe attack of pain with the absence of jaundice 
is suggestive of fistula formation. Relative freedom from symptoms 
thereafter would have been expected in an uncomplicated ease of 
biliary fistula. The rapid onset of an unusual type of intestinal ob- 
struction, however, combined with the long history of gallbladder 
attacks, and with the occurrence of a major abdominal catasti’oplie, 
strongly implies the presence of gallstone obstruction as well as the 
biliary fistula. A single fiat plate of the liver area, showing gas in 
the bile duets, would have accounted for the entire picture. 

Ibis case is typical of spontaneous internal biliary fistula of the 
cholecyst oduodeiial type, with intestinal obstruction due to gallstones 
as a complicating factor. The passage of a mass of gallstones of this 
•size directly into the duodenum is. however, uncommon. Passage of 
a mass of ibis size directly into the colon would he less unusual, and 
in such an instance obstruction would have been less likely to occur, 
t is inte! csting to note that the stones were present in the intestinal 
tiact for two and one-half months. During this time, the original 
isiu ons orifice had contracted considerably and probably would have 
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the mass of gallstones. ” Repeated flat plate examinations of tlio abdomen showed 
a shifting of the position of the stones (Compare Pigs. S and 9). After nasal 
suction, practically no gas was present in the small bowel, and the patient was 
slightly improved. (The critical condition of the patient did not warrant operation.) 
(Suddenly, on Oct. 2, 1932, two and one-half months after the onset of symptoms of 
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closed at a later date. A smaller stone probably would not liavc re- 
sulted in intestinal obstruction, and the nature of the pathologic proc- 
ess here demonstrated might never have been known. 


SUMMARY 

The general findings in spontaneous internal biliary fistula are re- 
viewed and the literature is brought up to date. The incidence, 
pathology, and clinical findings are discussed. 

To the previously reported cases observed at autopsy, 24 cases arc 
added. 

Eighty-three cases, roentgenologically diagnosed, have been col- 
lected from the literature. To these are added 8 new eases. 

The roentgen findings in this condition are detailed and 2 cases, 
roentgenologically diagnosed, are reported in detail. The value of 
the roentgen examination is emphasized. 

The relationship of gallstone obstruction to internal biliary fistula 
is discussed and the roentgenologic findings are detailed. Seven pre- 
viously reported eases in which the diagnosis was made by x-ray 
examination have been collected. To these is added a case of gallstone 
obstruction with a cholecystoduodenal fistula, roentgenologically diag- 
nosed. 

CONCLUSIONS 


Spontaneous internal biliary fistula is more common than autopsy 
or operative records would indicate. 

The diagnosis can readily be made by l-ocntgen examination alone 
and often the exact anatomic site of the fistula can be predicted by 
this means. The presence of gas or barium in the biliary system, the 
demonstration of the barium-filled fistula itself, the absence of a nor- 
mal gallbladder shadow on cholecystography, and the presence of 
mucous membrane changes in the gastrointestinal tract are the chief 
roentgenologic findings. 

Gallstone obstruction is a complication of internal* biliary fistula 
which should always he considered in atypical cases of intestinal ob- 
struction. It is diagnosed clinically with great difficulty. 

Roentgen examination of the gallbladder region particularly, as 
well as of the whole abdomen, in eases of suspected intestinal obstruc- 


reveal evidences of a biliary fistula and thus make the origin 
If the obstruction clear. This type of examination should be made in 
all cases with symptoms of obstruction of obscure origm. 
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POSTOPERATIVE WOUND INFECTIONS AND THE USE OF 
SILK: AN EXPERIMENTAL STUDY 

Philip Shambaugh, M.D., Chicago, III., and j. E. Dunphy, M.D., 

Boston, Mass. 

(From the Laboratory of Surgical Eesearch , Harvard Medical School) 

C LINICAL experience has shown that in clean wounds postoperative 
infection occurs less frequently where fine silk has been employed 
as suture material than where catgut has been used. 1 ' 3 This difference 
may be attributed to the fact that silk is much less irritating to the tis- 
sues and does not itself provide a favorable medium for the growth of 
bacteria. The silk wound is thus better able to tolerate a slight bacterial 
contamination which might in the catgut wound result in suppuration. 
The observations and statistics which have led to these conclusions are, 
however, open to the just criticism that they are necessarily compiled 
from more or less uncontrolled data. Obviously, we cannot in the clinic 
deliberately contaminate wounds to observe their resistance to infect ion ; 
and where suppuration unfortunately follows a clean operation, it is im- 
possible to control the factors which attended the initial contamination. 

As the fear of the consequences of infection still constitutes the chief 
obstacle to a more general adoption of the silk technic, it seemed de- 
sirable to study more carefully the comparative healing of contaminated 
silk and catgut wounds. Wc have, therefore, investigated this problem 
in the experimental laboratory and have been able to demonstrate by 
controlled observations the superior resistance of silk wounds to 
infection. Wc have, likewise, been able to confirm an observation pre- 
viously made in the clinic, 3 which is contrary to accepted opinion; 
namely, that suppurating silk wounds may in certain instances com- 
pletely heal without the removal or the spontaneous discharge of the 
fine silk sutures and ligatures. 


METHOD 

Healthy dogs were anesthetized with intravenous nembutal, and the 
usual hospital operating room technic was followed. Two abdominal 
incisions were made on either side of the midline through the fascia and 
muscle to the peritoneum. A measured amount of a bacterial suspension 
was introduced into both wounds and closure made in layers uniformly 
using silk on the right side and catgut on the left side. On the silk side, 
interrupted (J silk (No. !)) was used for the fascia and interrupted A silk 
( No. 4 ) * for the subcutaneous layer and for ligating vessels. On the eat- 

iliV tAibUc;:ition, January C, 1P37. 

• Uianielon Kuril'-, mV Sm.” Gml.Prm! TJn.th.ri Silk Company. 
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hypodermic needle. Variations in the procedure were made in several 
of the experiments. In one experiment Staphylococcus aureus was 
used and in another, a mixture of Staphylococcus aureus and Strepto- 
coccus hemolyticus. During the period of healing, the wounds were 
protected with dressings. When a wound became distended with 
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RESULTS 

The comparative liealing of heavily infected silk and catgut wounds 
was studied in ten experiments. Gross suppuration occurred in the cat- 
gut wound in every instance; whereas, the silk wound in four experi- 
ments healed without suppuration (Figs. 1 and 2). In four experi- 
ments, the silk wounds suppurated, but the wounds showed considerably 
less reaction than the corresponding catgut wounds, and the suppura- 
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twenty-eight days and remained healed as long as observed for intervals 
np to twelve months. Seven of the wounds were dissected postmortem. 
The silk sutures and ligatures were found in place with little or occa- 
sionally with no gross tissue reaction. Those in the muscle showed no 
reaction, whereas, the bits of black silk in the fascia and subcutaneous 
tissues were frequently found to lie in a tiny area of fibrosis or of yellow- 
ish jellylike material. In no case, however, was an abscess found. In 
one experiment, aerobic and anaerobic dextrose broth cultures were 
made from the tissues about the silk sutures twelve months postop- 
eratively. No growth was obtained. 

Histologic studies of the silk wounds, which were heavily infected, 
gave definite evidence that satisfactory healing had occurred without 
discharge of the silk sutures (Figs. 4 and 5). 

In one of the experiments, the postmortem dissection disclosed an in- 
teresting finding. Both the silk and the catgut wounds had suppurated 
and healed. Seven weeks later the animal was sacrificed. The silk wound 
showed all the sutures in place with a small amount of the jellylike ma- 
terial about several of them, but, no fluid or purulent material. The 
catgut wound, however, contained three indurated areas 5 millimeters 
in diameter lying in the subcutaneous layer, each containing a small firm 
catgut knot lying in cloudy fluid. The catgut did not appear altered by 
its two months’ residence in the tissues. Apparently catgut may oc- 
casionally, even in the presence of infection, resist absorption and re- 
main unchanged in the tissues for a considerable period. This concurs 
with our clinical experience, for we have observed several instances in 
which complete healing has been delayed by bits of unabsorbed catgut. 


CONCLUSIONS 


1. Controlled experimental studies on dogs show that operative 
wounds repaired with silk tolerate bacterial contamination better than 
•similar wounds repaired with catgut. 

2. The healing of experimental suppurating wounds is not appreci- 
ably delayed by the presence of buried silk sutures and ligatures pro- 
vided a fine grade of silk is used, the sutures are cut close to the knot, 
and no continuous sutures arc employed. 

•1. Experimental suppurating wounds repaired with fine silk may heal 
completely without the removal or the spontaneous discharge of the. silk 
sutures. 
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instances in which a continuous silk suture was used to close the perito- 
neum. In this case, a small sinus persisted for seven months, at which 
time the animal was sacrificed and dissection of the wound showed a loti" 
suture lying at the bottom of the sinus. The fine interrupted silk sutures, 
however, were all in place and were not in communication with the sinus. 
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sionally with no gross tissue reaction. Those in the muscle showed no 
reaction, whereas, the bits of black silk in the fascia and subcutaneous 
tissues were frequently found to lie in a tiny area of fibrosis or of yellow- 
ish jelly like material. In no case, however, was an abscess found. In 
one experiment, aerobic and anaerobic dextrose broth cultures were 
made from the tissues about the silk sutures twelve months postop- 
eratively. No growth was obtained. 

Histologic studies of the silk wounds, which were heavily infected, 
gave definite evidence that satisfactory healing had occurred without 
discharge of the silk sutures (Pigs. 4 and 5). 

In one of the experiments, the postmortem dissection disclosed an in- 
teresting finding. Both the silk and the catgut wounds had suppurated 
and healed. Seven weeks later the animal was sacrificed. The silk wound 
showed all the sutures in place with a small amount of the jellylike ma- 
terial about several of them, but, no fluid or purulent material. The 
catgut wound, however, contained three indurated areas 5 millimeters 
in diameter lying in the subcutaneous layer, each containing a small firm 
catgut knot lying in cloudy fluid. The catgut did not appear altered by 
its two months’ residence in the tissues. Apparently catgut may oc- 
casionally, even in the presence of infection, resist absorption and re- 
main unchanged in the tissues for a considerable period. This concurs 
with our clinical experience, for we have observed several instances in 
which complete healing has been delayed by bits of unabsorbed catgut. 


CONCLUSIONS 


1. Controlled experimental studies on dogs show that operative 
wounds repaired with silk tolerate bacterial contamination better than 
similar wounds repaired with catgut. 

2. The healing of experimental suppurating wounds is not appreci- 
ably delayed by the presence of buried silk sutures and ligatures pro- 
vided a fine grade of silk is used, the sutures arc cut close to the knot, 
and no continuous sutures are employed. 

3. experimental suppurating wounds repaired with fine silk may heal 
completely without the removal or the spontaneous discharge of the silk 
sutures. 
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PNEUMOCOCCUS PERITONITIS* 

Wakrkx H. Cole, M.D., Chicago, 111. 

(From the Depart mcnt of Surgery, University of Illinois, College of Medicine, the 
Department of Surgery, ll'nxhington University School of Medicine, 
and the St. Louis Children's Hospital) 

A SURVEY oi' various reports in the literature reveals considerable 
discrepancy in tiic various features of pneumococcus peritonitis, 
even in the consideration of such important features ns treatment. Some 
authorities advise immediate operation in the early stage of the disease, 
whereas others prefer to wait until the infection has become localized 
to an encapsulated abscess. There is likewise disagreement as to the 
diagnostic difficulties encountered; a great part of this difficulty is no 
doubt accounted for by the marked variability in the clinical manifesta- 
tions of the disease. Because of the above features, a study of the avail- 
able ensest (twenty-six including those accompanied by nephrosis) has 
been made. 

ANALYSIS OF CASKS 

.Search through the records of the medical and surgical service of the 
St. Louis Children’s Hospital during an eighteen-year period has re- 
vealed a total of 26 children with pneumococcus peritonitis. They may 
be divided into three groups as outlined in the following table: 


Table I 


1 

| TOTAL NO. 

DIED 

SURVIVED 

Peritonitis developing in the absence of demon- 
struble primary lesion 

o S 7 F 
i J l 2 M 

4 

5 

Peritonitis presumably secondary to upper re- 
spiratory infection 

1 - f 0 P 

1 ) 1 11 

O 

u 

i 

Peritonitis developing m presence of ascites due 
to nephrosis 

_ — — — rr r ”17 TTlTTTTT:*.,. 

10 f 5 

) 5 M 

7 

3 


Tnt.nl mortality 5-t per cent. Mortality exclusive of nephrosis group, 4-i per cent 


In the first group of 9 patients, the infection developed in children 
who were presumably entirely healthy until the manifestations (con- 
sisting- primarily of abdominal pain, vomiting, and fever) of peritonitis 
i Hmitrarv to the observations of many authors on the sub- 
. t f pneumococcus peritonitis, these children did not appear to be- 
joim to a lower strata of society, and seemingly had the advantage of 

— , , r -R Tones who assisted in assembling- data on many of the 

-Credit is extended J. ~ 

patients. . ses 0 f pneumococcus peritonitis observed in the St. 

* These patients represent ca^s o n of 1S years. Sincere thanks are extended 
Louis Children's Hospital^- Hie privilege of including many cases from the medical 
to Dr. A. F. Hartm 
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average living quarters. In the second group, the type of upper respira- 
tory infection which preceded the onset of peritonitis by one to six days 
was variable, but consisted chiefly of pharyngitis and coryza as is noted 
so consistently 'in the so-called “common cold."’ Although pneumonia 
developed in 4 of these 7 cases, only in one instance did the pneumonia 
appear to develop before the peritonitis. In the group of 10 children 
with ascites due to nephrosis, the infection was ushered in rather sud- 
denly with fever, abdominal pain, vomiting, often diarrhea, but seldom 
with any premonitory symptoms. Of the entire group of 26 cases, 14 
died— a mortality of 54 per cent. As has been noted by other observers, 
however, the mortality in children with nephrosis with superimposed 
pneumococcus peritonitis is higher than in those who were healthy at 
the time of contracting the peritonitis. The mortality exclusive of those 
with nephrosis was 44 per cent. 

This series of patients is too small to determine the relative merit of, 
or damage sustained by, operation in the early stage of the disease. 
Operation was performed in the early stage only in four instances; on 
each occasion the operation was performed on the assumption that ap- 
pendicitis or early peritonitis was present; the correct diagnosis was 
not made until the abdomen was opened. Operation was not performed 
on any of the patients with nephrosis. Of the 4 children operated upon, 
2 died. This mortality of 50 per cent is undoubtedly misleading, because 
this group of 4 patients, in reality, represented milder cases than the 
average. It has been our experience that, when the disease starts lo- 
cally simulating appendicitis, the infection is less severe. Five children 
were operated upon because of the development of a local abscess, several 
days or a few weeks after the onset of the disease. All of these patients 
survived, indicating that if the patient survives the acute stage of the 
disease, recovery is to be expected even though abscesses develop, as they 
commonly do. 


Routine cultures of 1 he vaginal tract were not made, but a vaginal 
discharge was noted in only one child. In this instance, however, the 
vaginal discharge did not appear until several days following the onset 
of manifestations of peritonitis. Culture revealed pneumococci in the 
discharge. 

Data regarding t lie typing of the organism were not obtainable in all 
eases. The incidence of Group IY organisms was slightly greater than 
1 ype I. The mortality in the group of cases with Group TV organism was 
slightly greater than with Type I. Antipneumoeoccus serum was used in 
several instances with evidence of favorable effect in only a few cases, 
lhis form of treatment will bo discussed later in greater detail. 

Diarrhea was a common manifestation (being noted in 30 per cent of 
the patients exclusive of the nephrosis group), and with few exceptions 
occurred early in the disease. Tn fact, on one or two occasions it pre- 
"*i ,or manifestations so definitely as to he serionslv considered as a 
possible factor in the pathogenesis. 
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Tho tendency toward .spontaneous perforation of the abdominal wall 
at. the umbilicus lias been noted by numerous observers. In this series of 
patients the infection broke through the umbilicus with discharge of 
]His on four different occasions, but did not occur in the nephrosis group. 

INCIDENCE 

Pneumococcus peritonitis is not a common disease, but occurs fre- 
quently enough to demand a thorough knowledge of the subject by the 
surgeon, as well as the pediatrician. During the eighteen-year period 
at the St. Louis Children’s Hospital when 2G cases Mere encountered, 
there were 445 eases of acute appendicitis. The disease is therefore only 
4.5 per cent as common as acute appendicitis in this particular locality. 
It is apparently much more common in Ctormiwv and France, judging 
from t lie number of eases reported from the various clinics there. Fe- 
male children between the ages of two and ten years arc most commonly 
afflicted. 

PATHOGENESIS 

There are three prominent possibilities as portals of entry for the 
organism. Each of these avenues of infection has its proponents in the 
literature. 

1. The theory of blood-borne transmission is undoubtedly an impor- 
tant one. Of the group of children whose peritoneal infection seems to 
have developed in this manner, upper respiratory infection (particu- 
larly rhinitis, tonsillitis, and pharyngitis) appears to be the most common 
portal of entry for the organism. In the present series of cases, almost 
half (exclusive of the eases developing in the presence of nephrosis) 
gave a history of a significant infection of this type, preceding the onset 
of peritoneal symptoms by one to five days. In a series reported by 
Lipschutz and Lowcnberg, 1 they noted that 90 per cent gave a history of 
upper respiratory infection preceding the abdominal symptoms. In a 
larmi percentage of their cases and in other series as well, the same type 
of pneumococcus has been isolated from the throat of the patient as was 
found in the peritoneal cavity. Montgomery 3 has emphasized the in- 
validitv of the argument that since the disease is so uncommon in 

meumonia, it cannot be blood-borne, by remarking that “metapncumonic 
joint infections are also rare but they are undoubtedly due to infection 

from the blood stream. ” . 

0 £ proximity of the intestine to the peritoneal cavity, 

2. Because ^ organ ism from this source would appear likely, 

transmission diarrhea is such a constant accompaniment of the 

particularly slU ‘ disease Diarrhea was noted in 30 per cent of 

manifestations oi w » “ 

in other series it has been reported in a much 
the author’s senes, ) mQgt serious obstacle in this theory of trans- 
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following the onset of peritoneal symptoms. Pneumococcus peritonitis 
has been produced on numerous occasions in animals by feeding cultures 
of pneumococci by mouth, but there is a sufficiently large number of 
failures to make the theory unconvincing. 

3. McCartney and Fraser 3 have presented evidence to prove that trans- 
mission by the genital route occurs commonly. In their series of 56 
cases, all but 12 were girls. They remark that in every instance of infec- 
tion in the male, a primary source (pneumonia in 11 of the 12 eases) 
of infection was demonstrable. They also noted that their patients came 
from a low stratum of society, and assumed that uncleanliness was an 
important factor in contamination of the vagina with transmission up- 
ward into the peritoneal cavity through the uterus and tubes. This 
observation (occurrence in the low social strata) is not confirmed by the 
reports of many authors, including the present one. 

The pathogenesis of infection in children noth nephrosis may be some- 
what different from that in healthy children. Hartmann 4 has called 
attention to the fact that usually these children are those with poor re- 
sistance and are frequently afflicted with chronic infection of the sinuses, 
lonsils, or adenoids, which are apt to harbor tfie streptococcus or pneu- 
mococcus. .Since so many of these children are hospitalized, they are 
naturally exposed, perhaps more than usual, to pathogenic organisms. 
Because of a low colloidal osmotic pressure of their blood, there is an 
abnormal tendency for filtration from the hlood into the peritoneal 
cavity, thereby, perhaps favoring the entrance of organisms into the 
peritoneal cavity. Moreover, since ascitic fluid is such a good culture 
medium, this would likewise encourage infection. 

In summarizing the data on pathogenesis, one is almost forced to the 
conclusion that the disease may be contracted in more than one manner. 
Of the three methods of transmission described, it would appear that 
the first and third arc most common. The author is of the opinion that 
Hie disease is more often blood-borne, and in a large percentage of cases, 
tim primary source is an upper respiratory infection. Certainly the oc- 
currence of an upper respiratory infection is commonly noted to pre- 
cede the peritoneal manifestations by a large number of observers. It 
is agreed by most observers (Pollock/' and others) that in a majority 
of instances the development of streptococcus peritonitis is dependent 
upon an antecedent infection of the respiratory tract. If such a means 
of transmission of infection is possible in streptococcus peritonitis, it 
seems logical to assume it may apply to many cases of pneumococcus 
peritonitis, particularly in the children with the history of upper respira- 
tory infection. 

Although routine vaginal smears were not made in the present series, 
a vaginitis was noted in only one instance; in this case the vaginitis dc- 
' 'loped while the patient was under observation and three or four days 
alter the onset of the disease. Culture revealed a pneumococcus of the 
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same type as found in the peritoneal cavity. Certainly, transmission 
through the uterus and tubes is not, t lie only mechanism, else the disease 
would not, be observed in boys. Six of 20 cases reported by Barrington- 
Ward 1, were boys. In the author’s series of 2G cases, 8 occurred in boys, 
although in 5 of these boys a nephrosis was present before the disease 
developed. 

There arc other possible avenues of transmission, such as spread by 
way of the lymphatics through the diaphragm, but they do not seem as 
important as the three mentioned. 


PATHOLOGY 


The first pathologic response is a hyperemia and edema of the in- 
testine along with the deposition of a sticky, fibrinous exudate over the 
serosa of the intestine, omentum, etc. Enlargement of the mesenteric 
lymph nodes is commonly observed. Many authors have noted a hyper- 
emia of the fallopian tubes in a large percentage of cases. After a day 
or two a thin, cloudy, yellowish-green exudate with numerous flakes of 
fibrin develops. This fluid may accumulate in huge quantities; at times 
two or three liters will be encountered at operation. Within three or 
four more days the fluid thickens, becoming true pus. It may then be 
quite homogenous (retaining a greenish tinge) but usually contains 
many large masses of fibrin. It is at this time, i.e., several days after 
the onset, that the “walling off” process becomes notable. Circum- 
scribed abscesses may develop at any point in the peritoneal cavity. 
Although some authors have observed abscesses in the pelvis more fre- 
quently than at any other site, this is not true in the author’s series. 
Perforation of the abdominal wall at the umbilicus tends to take place re- 
gardless of whether or not encapsulation of the pus has developed. In 
the author’s series, perforation took place in 20 per cent of the cases 
(excluding the nephrosis group). Pneumonia and empyema represent 
the two most common complications, and when present, may be very 
important contributory factors toward death. 

CLINICAL MANIFESTATIONS 


The symptoms noted at the onset of the disease are extremely variable, 
articularly regarding severity of symptoms. Diffuse abdominal pain is 
P lmo st always the first symptom complained of. It may be so severe as 
+ m ° oletelv disable the child in a few hours, or it may be so mild that 
l C °l ild will be up and about for two or three days before becoming 
* h ' 8 < l 1 , y 0I niting is a constant and early manifestation, except in the 
bed fas . ^ r °j e t ] le vomiting occurs more frequently than in other 

mild ca f S ral irr it a tion such as appendicitis. Fever is noted early 
types oi pe ^ present before much tenderness or muscle 

in the disease an * ■ - g The abdominal pain is usually diffuse 

spasm of the abdom r i<dit lower quadrant becoming diffuse a few 
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liours later. Tenderness is particularly apt to be diffuse. If the infec- 
tion is an extremely fulminating one, diffuse and pronounced muscle 
spasm will be observed. Usually, the muscle rigidity is only mild; in 
fact in most instances the spasm is of a “doughy” nature. Distention 
usually does not occur until the third or fourth day of the disease. 

Not infrequently, particularly if the disease is of several days’ dura- 
tion, the demonstration of dullness to the percussion note over the ab- 
domen may be of considerable significance diagnostically, because of the 
rare occurrence of fluid in such diseases as appendicitis, etc. 

A positive blood culture will be obtainable in roughly half the cases, 
but most commonly is not obtainable until the second or third day of the 
disease. The organism naturally is of the same type as that found in the - 
peritoneal cavity. Type I and Group IV are most frequently observed, 
with the latter perhaps slightly more common than the former. Leuco- 
eytosis is quite constant and frequently is as high as 30,000 to 40,000. 

For reasons previously stated, a large pei’centage of cases of pneumo- 
coccus peritonitis is observed in children until nephrosis. In the author’s 
series, almost 40 per cent occurred in children with nephrosis; this, no 
doubt, is an unusually high percentage, but recent reports concerning 
pneumococcus peritonitis have emphasized the association of the two 
diseases. Streptococcus peritonitis was about as common, however, as 
pneumococcus peritonitis in this group of children with nephrosis. 
Tappan' reported 13 instances of pneumococcus peritonitis in 339 cases 
of nephrosis. AVhcn the infection is complicated by nephrosis, the mor- 
tality will usually be in the neighborhood of 60 per cent, which is 10 to 20 
per cent higher than that encountered in pneumococcus peritonitis alone. 

DIFFERENTIAL DIAGNOSIS 

With a few exceptions, an accurate diagnosis should be possible if 
careful study of the case is made. It must be remembered, however, that 
the severity of onset of the disease is extremely variable. The disease 
with which pneumococcus peritonitis would be confused most often is 
acute appendicitis. In the former instance, fever is usually noted early 
in the disease; in patients with abdominal manifestations localized to the 
right lower quadrant, the fever is frequently so high as to be incom- 
patible with acute appendicitis with equal abdominal manifestations. 
Vomiting is apt to be more pronounced in pneumococcus peritonitis than 
in acute appendicitis. The diffuse character of the tenderness and pain 
is not noted in acute appendicitis until peritonitis lias developed. Occa- 
sionally, in pneumococcus peritonitis marked muscle spasm is present 
but usually the muscle spasm is relatively slight and consists of a 
doughy” resistance. The history of an upper respiratory infection 
preceding the abdominal symptoms, or the presence of a vaginitis in 
girls, should lead one to suspect pneumococcus peritonitis- and not ap- 
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pcndicitis. TJic demonstration of /lin'd in the abdominal cavity, in cbil- 
dren previously healthy, is another feature pointing strongly to the 
pneumococcus as the of iologie factor in the peritonitis. 

Loueoeytosis, on the average, is higher in pneumococcus peritonitis 
than in lesions such as appendicitis, Meckel's diverticulum, etc. The 
Hippocratic facies which is so constantly observed in peritonitis due to 
the Bacillus c oli is rarely present in pneumococcus peritonitis, and, when 
it is present, is noted usually only in the terminal stage. 

If acute abdominal symptoms develop in a child with a preexisting 
nephrosis, pneumococcus peritonitis should receive early diagnostic con- 
sideration because of the frequency of this association. 

The most difficulty in differential diagnosis is usually experienced in 
discriminating streptococcus from pneumococcus peritonitis. The onset 
and clinical findings may he quite similar. The majority of cases of 
streptococcus peritonitis are usually noted in infants; in this disease 
there is not such a predilection to affect female children. A positive 
differentiation may be possible only by examination of material obtained 
by abdominal puncture. 

There is considerable dispute about the safety of diagnostic puncture, 
but definite and proved instances of damage produced by this procedure 
are lacking. It is, in reality, simply performed, and may yield a positive 
diagnosis. The skin is treated with iodine and alcohol, a small wheal 
is made with novocaine, and a tiny slit is made in the skin with a knife. 

A dull needle with a large bore (e.g., spinal puncture needle) is inserted 
into the peritoneal cavity and an attempt is made to aspirate. Obviously 
a quantity as small as a portion of a drop is sufficient to make a smear 
and gram stain. If short-chained streptococci are the cause of the 
peritonitis, difficulty may be experienced in differentiating them from 
pneumococci; positive identification may not be possible until results 
of culture are known twenty-four hours later. If numerous kinds of 
organisms, with a predominance of gram-negative bacilli (B. colt) are 
found, the peritonitis may be considered to be of appendiceal origin. 

Blood culture is another reliable method of making a positive diagnosis, 
but is positive in only about half the eases. Moreover, at least twenty- 
four hours must elapse before the results are known. 


TREATMENT 

As state( j previously, there is considerable difference of opinion re- 
tlie advocacy of operation in the primary stage of the disease. 
* vL'et rustics on operated and nonoperated eases are bound to be 
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operation. As a matter of fact, tlie statistics* in the series herein re- 
ported favor postponement of operation. Of the four patients upon 
whom operation was performed in the acute stage, two died, a mortal- 
ity of 50 per cent. Of the remaining 12 (5 of whom were operated upon 
later for encapsulated abscess), only 5 died, or a mortality of slightly 
less than 42 per cent. The author is, therefore, of the opinion that 
operation should be performed only after encapsulation of pus has taken 
place. 

It is a very significant fact that if the child survives the first few days, 
he is apt to recover. Of the patients in our series who were operated 
upon for an encapsulated abscess, none died. Apparently, the forma- 
tion of an abscess is indicative of the development of considerable active 
immunity. 

There is a general agreement among the various observers that anti- 
pneumoeoeeus serum should be given as in other pneumococcus infec- 
tions (e.g., pneumonia, etc.). However, there are not many favorable 
reports in the literature regarding its use. It was used on 7 cases in 
the scries herein discussed, but only in 2 instances was there a definite 
favorable effect. One patient sustaining a favorable effect was a child 
with nephrosis; in this instance the effect was so definite as to lead one 
to believe it may have been the responsible factor in her recovery. 

In one of the patients with pneumococcus peritonitis, a girl aged 
eleven years, in whom a Type I organism was isolated, the liter of her 
serum for the pneumococcus six weeks after onset of symptoms was 
higher than the titer of the commercial antipneumococcus serum. Ob- 
viously if the titer of the patient’s serum approaches that of the com- 
mercial serum, its injection could not be expected to have any significant 
beneficial results. 

Other supportive measures including subcutaneous saline and intra- 
venous glucose arc usually indicated to maintain water balance and to 
supply at least a small amount of calories. Transfusions appear to be 
unusually helpful and should be given to all patients who are seriously 
ill. During the acute stage of the disease, no food or fluid should be 
given by mouth. 

All of these children must be observed for many weeks, particularly 
for the development of an intraabdominal abscess. When an abscess 
forms, it should be drained surgically. It is especially necessary to 
observe the patients for many weeks even though recovery seems to 
have taken place, because abscesses have been known to form weeks after 
the patient was apparently well. 

SUMMARY 

A study of the cases of pneumococcus peritonitis (2G in number) oe- 
lllLiiilr ** lc bouis Children's Hospital during the past eighteen 

iit-ori 1 '* 1 '""' ( ' EUr<1 ' exclude U<" with ii>phr<t»K since none of ih'.ni 


operated 
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years, lms led lo certain deductions. In this scries, it appeals that de- 
velopment of peritonitis secondary to infections, such as those of the up- 
per respiratory tract, is more common than any other mechanism in 
pathogenesis. The author is of the opinion that the correct diagnosis can 
usually be made in differentiation from acute appendicitis, by noting 
such features as early development of fever, profuse vomiting, diffuse 
character of tenderness and pain, prevalence in girls. Diagnostic 
puncture of the abdomen is justifiable in children when diagnosis is un- 
certain, and rarely fails to aid in the establishment of a correct diagnosis 
if the peritonitis is of pneumococcal origin. For many reasons immediate 
operation appears to be contraindicated. Although the present series is 
far too small to allow conclusions regarding this point, the results favor 
waiting until a localized abscess forms. 

It is a striking fact that if the child survives the acute stage of the 
disease, recovery is almost certain, even though one or more localized 
abscesses form, provided, of course, such abscesses are properly drained. 

Pneumococcus peritonitis is a common complication of nephrosis. The 
mortality in these children will be higher than in previously healthy 
children. In this scries it was 54 per cent contrasted to 44 per cent 
in the previously healthy children. 
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THE DISAPPEARANCE OF GALLSTONE SHADOWS FOLLOW- 
■ 1NG THE PROLONGED ADMINISTRATION OF BILE SALTS 


Allan G. Rewbridge, M.D. 

Minneapolis, Minn. 

(From the Department of Surgery, University of Minnesota) 

A REVIEW of the end-results of gallbladder surgery seems to in- 
dicate that removal of the gallbladder and stones is not the entire 
answer to this problem. Judd, 1 in analyzing the results of cholecystec- 
tomy upon the basis of pathologic changes in the gallbladder, found 
that when these changes were minimal, the results were satisfactory in 
64 per cent of the cases, and when cholecystitis and stones were present, 
they were satisfactory in 87.8 per cent. In cases of noncalculous chole- 
cystitis, however, Graham and Mackey 2 reported satisfactory results in 
only 30 per cent of the cases, and improvement in another 30 per cent in 
which cholecystectomy had been performed. 

It is evident from these reports, as well as from the results of other 
investigators, that only in the presence of severe symptoms (such as 
colic) associated witli gallstones will removal of the gallbladder give 
satisfactory results in a large percentage of cases. Even in many of 
these cases, subsequent investigation will reveal that although these 
patients arc entirely relieved of colic, they continue to suffer from indi- 
gestion, food intolerance, and constipation. These results become in- 
telligible when one considers the fact that symptoms in cholecystitis are 
due to three factors, such as: (1) Infection of the gallbladder; (2) 
mechanical effects of stones; and (3) disturbances in the bile salt 
metabolism, which result in indigestion, disturbances in the digestion 
of fat, and constipation. Cholecystectomy and removal of the stones 
correct the first two factors, but do nothing about the third. Conse- 
quently, there are residual symptoms following cholecystectomy. 

A fact, established early in the history of bile physiology was the cir- 
culation of the bile acids, a rapid adsorption of the bile salts from the 
intestine with prompt, reappearance in the bile. Greene, Aldrich, and 
Howntrec 3 confirmed the enterohepatie circulation of bile acids by show- 
ing their presence in the portal blood after oral administration. Bile 
salt excretion is uniform during the day in spite of a single daily 
feeding (Smith, Grolh, and Whipple). ■* Daily refeeding of all bile 
secreted from a fistula raises the bile secretion, but when high levels 
are attained, the output falls behind the intake. This also occurs when 
a bile surplus is produced within the body. The disappearance of the 
surplus and its fate remain a mystery (Smith and Whipple). 5 The 
normal daily output of bile salts can lie increased by a meat and fish 
decreased more by a carbohydrate than a fasting diet. This 

H.'.-Wv.'.i f.ir tniMirfitlon, Nov«'mVr C3. I33C. 
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suggests «n exogenous factor in/lueneing bile acid production. j\n in- 
( cresting parade! bclwcen urinary nitrogen and the bile salt secretion 
n])])nj’cnt.ly points to an important endogenous factor, probably con- 
cerned with body protein metabolism (Whipple). 0 

It is generally thought that the bile acids are produced by the liver 
parenchyma, since a slight injury to the liver by chloroform will cause 
a great drop in bile salt output which returns to normal with the rapid 



FIg i Numerous round negative slmdov.^ a^rc present in a poorly functioning gall- 


. , y |G jj vcl . C ells. Protease intoxication causes a considerable in- 
1CP ase in the breakdown of body proteins, and a fall in the output of bile 
Cr ® T , is may be due to the fact that the protease also causes an im- 
• ' + liver epithelium as it does to the secretory cells of the ftid- 

pairmen ^ ^ cam es a fall in the bile salt output, but not 

ney. ±-rny protease, or large doses of phosphorus. Infec- 

as much as d pregnancy also reduce the output 

tion in other parts ot tne oou.h 

of bite salts. 
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The employment of bile salts in the treatment of liver and gallbladder 
disease has been regarded as a logical and valuable approach to these 
eases. In a theoretical consideration of the metabolism and function of 
bile salts, one finds many factors which support the rationale of their 
use in the medical management of gallbladder disease. 

The functions of bilt salts when they reach the intestine are well 
known. They aid in the digestion and adsorption of fats; they have 



Hr. ‘ ensr G months inter, after the oral administration of bile salts. 

Aormnuy luncuoninK Kallblnddcr with no ttepaUvc ««itfuJowj< present. 

been known to stimulate the flow of pancreatic enzymes; and they seem 
to have a tonic effect on intestinal motility. 

Another important role ascribed to the bile acids by both Wright and 
V> hippie,- and Andrews and bis coworkers is the relation of the bile 
acids to the metabolism of cholesterol. The recent work of Sehocnheimcr 
.tiul Hrdinn, ITilf and Andrews, Scboenheinicr, and Hrdina,' 1 (Iflflla, b, 
1A>1 .» is significant. They showed that most, of the cholesterol of human 
" '' ls l )rCM ' n? m {!u: of water-soluble complexes with the bile salts. 
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These complexes arc so unstable that, when they are subjected to dialysis, 
the bile salts pass out, and the cholesterol is precipitated. Therefore, it 
would appear that, any disturbance which lowers the ratio of bile salts 
to cholesterol could cause precipitation. Moreover, analysis showed that 
bile in cholelit hiasis has a much lower bile salt -cholesterol ratio than 
the bile from bladders not containing stones. If this hypothesis is true, 
then cholesterol gallstones should disappear if the normal bile salt- 
cholesterol ratio is restored. The purpose of tin's investigation then is 
to study the eileel of oral administration of bile salts upon cholesterol 
gallstones in vivo, 

A series of known gallstone eases were used in this study. The stones 
were demonstrated by cholccystograms. These patients were fed three 
grains of bile salts three times daily. A teaspoonful of olive oil was 
likewise fed to furnish an adequate stimulus to empty the gallbladder. 
After a period of nine months, these patients were studied again. The 
results are given in Table I. 


Table I 


university 

HOSPITAL 

number 

SEX 

CASE 

AGE 

FUNCTION 

FIRST X-RAY 

SECOND X-RAY 

638901 

F 

1 

3S 

Poor 

Numerous negative 
shadows present. 

Normally functioning 
gallbladder. N 0 

stones present. 

037599 

F 

2 

4G 

Fair 

Numerous negativo 
shadows present. 

Normally functioning 
gallbladder. N 0 

stones present. 

638820 

F 

3 

33 

Fair 

Two large gall- 
stones covered 
with a calcium 
capsule. 

Gallstones unchanged. 

020830 

M 

4 

57 

Poor 

Two large stones. 
No dye entered 
gallbladder. 

Gallstones unchanged. 
No dye entered 
gallbladder. 

040889 

F 

5 

49 

Fair 

Numerous negative 
shadows present. 

Gallstones unchanged. 


Subjectively these patients showed definite improvement. Their di- 
gestion was better, they complained of less gas or distention, and they 
could eat any food without distress. In fact, at the end of the course of 
treatment four patients were symptom-free. The last patient, although 
better, continued to complain of discomfort in the upper 
• Quadrant During the early months of treatment of Case 2, the 
° . , „ -> frerment attacks of colic; as time passed, however, these 

patlC f . __ less frequent until they disappeared entirely. In Case 1 
"t was symptom-free throughout the entire course of treatment. 

1 10 P< ‘ . tl x _ ray findings is of interest, in that in Cases 1 and 

A summary - disappear entirely, and a normally function- 

2 the gallstone sha 4 t h e gallstones were lin- 

ing gallbladder was the end-result. 
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changed niter treatment. Failure in this case may ho explained on 
Ihe basis flint, the cystic duet might not lie patent, consequently one could 
not hope for success. 

The gallstones in Case 3 were covered with deposits of lime salts. 
Failure in this case becomes intelligible. There is no apparent explana- 
tion for failure in Case 5. Possibly the dose of bile salts was inadequate, 
and the treatment was not continued long enough. 


COMMENT 

Itoscnak and Kohlstact, 50 in 1936, and others have reported beneficial 
subjective effects resulting from the bile salt treatment of patients with 
diseased gallbladders. The most noted improvement was observed in 
the control of digestive symptoms and constipation. With their results 
in mind, bile salt therapy suggests itself as the logical way to treat those 
residual symptoms which follow cholecystectomy. 

In the observations described above, it is believed that the disappear- 
ance of gallstones following treatment.' jn Cases 1 and 2 is significant. 
In both these cases, the end-result was ,b6th subjective and objective 
cure, with a normally functioning gallbladder as the end-result. The 
possibilities of this method of treatment can be determined only by 
further study. These observations suggest that the cause of cholesterol 
gallstone formation is a bile salt deficiency; when remedied, the gall- 
stones disappear. 

CONCLUSIONS 

1. In eases of cholecystitis and cholelithiasis, subjective relief is ob- 
tained by the oral administration of bile salts. 

2. Gallstone shadows as demonstrated by x-ray may be made to disap- 
pear following prolonged administration of bile salts. 

3. The cause of cholesterol gallstone formation is a bile salt deficiency 
resulting from liver damage. 
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TREATMENT OF OSTEOMYELITIS OF THE CRANIAL VAULT 

Joseph E. J. King, M.D. 

New York, N. Y. 

(From the Department of Neurosurgery, Bellevue Hospital and Jersey City Medical 
Center and Various Services, Manhattan Eye, Ear, and Throat Hospital) 

T REATMENT of osteomyelitis of the cranial vault has been more 
or less of a hit-and-miss affair until the last few years so far as 
operative measures are concerned. The mortality rate was very high. 
The good results which have been obtained by surgeons who have 
boldly extirpated the full thickness of the skull well beyond the dis- 
eased ai’ea speak for themselves. They are so much better than those 
previously obtained. This mode of attack on the diseased bone was 
not advocated until about twenty-three years ago, and was not seri- 
ously eai'ried out until during the last decade. Even now it is not 
generally appreciated. McKenzie advocated this procedure in his first 
famous contribution in 1913, and stated that “Once progressive osteo- 
myelitis has set in, the only chance of saving the patient lies in imme- 
diate and entire removal of the diseased bone. We can scarcely hope 
to cure diffuse osteomyelitis by simple drainage, hence limited and 
partial measures, such as incisions, trephining, etc., are useless.” It 
is remarkable how long it has taken this idea to permeate our own 
mentalities. 

This discussion will consider only the trcaimcnt of, and surgical 
principles concerned with, the condition. Etiology, with the patlnvaj's 
of infection, pathology, bacteriology, symptomatology, and diagnosis, 
will not be dealt with in detail. All, or some, of these phases have 
been discussed in previous contributions by Adson, 1 Blair and Brown, 2 
Bnlson, 3, 4 Campbell, r ‘ Connor, 0 Dabney, 7 Eaglcton, s Fincher, 0 Flem- 
ing, 1 '’ Frev, 11 Furstenberg, 12 Gelanze, 13 Gerber, 14 Hanson, 1S Hastings, 16 
Knapp, 10 Lillie, 20 Luc, 21 McKenzie, 23 Marek, 24 Mason, 23 Meyers, 26 
Mosher, 2 ' Mosher and Judd, 28 Schilling, 30 Skillern, 31 Turner and Rey- 
nolds, 32 Vilensky, 33 Woodward, 34 and other writers. Some of these 
writers have given detailed and comprehensive review of the literature, 
whde others have stated their own clinical observations and have 
given reports of eases. Mosher stated that four of the most noteworthy 
papers which have appeared in recent years on the subject have been 
those by McKenzie. Bulson, Wilcnskv, and Furstenberg. I would like 
to add his name to that list. Since these papers have covered the sub- 
jcct ma tter so completely, my purpose in presenting this paper resolves 
fill i-utiUr.-itl-.m. Orlrttwr 10. 
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itself into two objectives: first, to emphasize and accentuate the im- 
portance of complete operation, and second, to give some clinical 
observations. 


CONSIDERATION OF GROSS PATHOLOGY AND SURGICAL PRINCIPLES 


Regardless of whether the initial infection enters a bone of the 
cranial vault by direct extension from one of the accessory nasal 
sinuses, the middle ear, or mastoid; by retrograde thrombosis of veins; 
by thrombophlebitis, retrograde thrombosis and extension through the 
dura, as suggested by Furstenberg; or by metastasis, the infection is 
first a local one in the bone, in the majority of cases, and so can be 
considered from a practical standpoint. Therefore, what could be 
more logical in combating this otherwise destructive condition than 
to attack it. as early as the diagnosis can be made, and to remove 
completely the involved area with its source of infection? As was 
noted by McKenzie, osteomyelitis of the cranial vault very seldom 
metastasizes to other bones and other organs, in contrast to a similar 
infection of the long bones. Radical removal should therefore effect 
a cure. Once it has begun, however, its inevitable tendency is to spread 
to adjoining portions of the skull and, if untreated, it may run the 
entire gamut through extradural and subcutaneous abscesses, cortical 
dnd subcortical abscesses, thrombosis of major sinuses, generalized in- 
volvement of the skull, meningitis, suppurative leptomeningitis, and 
sepsis, to death. 

It is well recognized bj r all writers that most cases of osteomyelitis 
of the frontal bone occur in young people and that the infection tends, 
for a certain period of time, to localize to one side, or at least be 
confined to one bone. It is believed that the fibrous tissue which exists 
between the suture lines before complete closure acts as a barrier to 
the extension of infection, and makes the disease more amenable to 


eradication. 

It is also recognized that the condition frequently begins with stealthy 
md insidious onset, and that a gross pathologic process, which could 
md should be removed, exists before the radiographic films show the 
dear-cut undeniable moth-eaten picture of well-established osteo- 
plitis P W. Law and I have reviewed serial x-ray films of cases 
-osteomyelitis of the frontal bone. We were impressed witli the 
rlv differences in the appearance of the two sides of the postero - 
ea + ' films These differences are more apparent when the films are 
an enoi^ ^ m , erse . if attention is focused on the region of the 
reviewe eventual breaking down of bone occurs, one 

frontal bone tvLeretbe dmsity in earlier films. Tin's is Am to 

call observe an at , .calcification of tile area. Evidence of tbe 
softening ana pa . ‘ questionable in the earliest, films, or it 

presence of this aie< 
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may not exist at all. After a few days, however, a rounded area of 
less density is visible at the point where the eventual breaking down 
will occur. This area is probably more noticeable if viewed from a 
distance of five or six feet than at a short distance. In some instances 
in our experience, films were made at the time frontal sinusitis or 
orbital abscess was present and not again until a definite breaking 
down of the cranial tables with formation of a subcutaneous or an 
extradural abscess had occurred. The intervals between the x-ray 
examinations in many instances were surprisingly long. In view of 
these observations, we advise that a posteroanterior film be made at 
intervals of every two or three days with the expectation of finding 
the area of loss density which gradually appears several days (about 
ten days to two weeks) before the typical moth-eaten picture makes 
its appearance. By so doing, the condition may be recognized, and 
operation carried out at an earlier date without so much sacrifice of 
bone. At least, evidence may be sufficient to warrant an exploratory 
drill hole at the site. 

Although osteomyelitis of the skull may spontaneously occur -with- 
out any instrumentation by the surgeon, it must be acknowledged that 
a large number of cases follow instrumentation or operation. This is 
especially true following any operation upon the sinus. It is believed 
that fewer cases would develop were the sinus operated upon with 
purely surgical principles in mind, leaving the question of cosmetic 
result for a later date. Full, open, and prolonged drainage with iodo- 
form gauze packing after a proper operation would allow the sinus to 
fill up with firm granulation tissue, and completely obliterate the sinus. 
Future troubles might be avoided. The depressed scar can readily be 
removed hv a minor plastic operation. Mosher holds this view, and 
Ross Faulkner in a recent conversation gave the same opinion. 

PREOPERATIVE MEASURES 

General Condition of Patient . — Some patients have already under- 
gone a radical operation on the sinus or multiple operations for 
sinusitis, orbital abscesses, etc., and are frequently in a run-down and 
debilitated condition, with loss of weight and strength. As a result 
the. hemoglobin may be low and resistance poor. One or more small 
tiausfnsions before operation are advisable. At any rate, the patient 
should be typed and cross typed with a donor held ready for trans- 
fusion. In cases of severe spontaneous generalized osteomyelitis usso- 
' ntted with pnnsimisitis, with the patient in a markedly septic condition, 
on \ preliminary trephining and aeration of the sinuses should be done. 
• urn < a large, extradural lake of pus be present, as evidenced by 

" impart sis or hemiplegia, two or three trephine openings should be 
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itself into two objectives: first, to emphasize and accentuate the im- 
portance of complete operation, and second, to give some clinical 
observations. 

CONSIDERATION OF Oil OSS PATHOLOGY AND SURGICAL PRINCIPLES 

Regardless of whether the initial infection enters a bone of the 
cranial vault by direct extension from one of the accessory nasal 
sinuses, the middle ear, or mastoid; by retrograde thrombosis of veins; 
by thrombophlebitis, retrograde thrombosis and extension through the 
dura, as suggested by Furstenberg; or by metastasis, the infection is 
first a local one in the bone, in the majority of cases, and so can be 
considered from a practical standpoint. Therefore, what could be 
more logical in combating this otherwise destructive condition than 
to attack it as early as the diagnosis can he made, and to remove 
completely the involved area with its source of infection? As was 
noted by McKenzie, osteomyelitis of the cranial vault very seldom 
metastasizes to other bones and other organs, in contrast to a similar 
infection of the long bones. Radical removal should therefore effect 
a cure. Once it has begun, however, its inevitable tendency is to spread 
to adjoining portions of the skull and, if untreated, it may run the 
entire gamut through extradural and subcutaneous abscesses, cortical 
And subcortical abscesses, thrombosis of major sinuses, generalized in- 
volvement of the skull, meningitis, suppurative leptomeningitis, and 
sepsis, to death. 

It is well recognized by all writers that most cases of osteomyelitis 
of the frontal bone occur in young people and that the infection tends, 
for a certain period of time, to localize to one side, or at least be 
confined to one bone. It is believed that the fibrous tissue which exists 
between the suture lines before complete closure acts as a barrier to 
the extension of infection, and makes the disease more amenable to 
eradication. 

It is also recognized that the condition frequently begins with stealthy 
and insidious onset, and that a gross pathologic process, which could 
and should be removed, exists before the radiographic films show the 
clear-cut undeniable moth-eaten picture of well-established osteo- 
l'tis F W. Law and I have reviewed serial x-ray films of cases 
of'" osteomyelitis of the frontal bone. We were impressed with the 

1 differences in the appearance of the two sides of the postero- 
Car ^ ' films These differences are more apparent when the films are 
anterior ‘^ evse attention is focused on the region of the 
reviewe 1 eYen tual breaking down of bone occurs, one 

frontal bone w ^ j esg ^ ens jty in earlier films. This is due to 
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made in the skull to allow escape of pus. These patients are in poor 
condition at best, and will not withstand successfully massive, radical 
resection of the skull. 

Venirictilograms. — Should the presence of a brain abscess be strongly 
suspected, but without marked localizing signs and symptoms, pre- 
liminary ventriculograms are indicated. Should an abscess exist in 
the frontal lobe, ventriculograms will definitely establish the location 
ot the lesion. This method is preferable to an exploratory puncture 
through an infected dura after the bone has been removed, and it can 
be done with a reasonable degree of safety before the radical procedure. 
Ventriculograms are preferred to encephalograms. Localized menin- 
gitis might be spread in making the latter. 

It is advisable to drain a brain abscess if it can be located at the 
time of resection of skull, rather than at a later date. The exposure 
is all one could desire for drainage of the abscess. Should an under- 
lying abscess be present, and not drained at tlie time of the radical 
operation on the bone, there is danger of rupture into the ventricle 
or meninges during the interval of waiting. It is reasonable to assume 
that, tlie underlying brain is edematous in all cases of osteomyelitis 
with an extradural pocket of pus, associated with headache and other 
symptoms of brain abscess. Thus, one may not recognize tlie presence 
of an abscess. 

Prom the ventriculograms one could make the diagnosis, and localize 
it. or prove its absence. The intracranial symptoms may be due only 
to edema or localized serous meningitis. A hazardous exploratory 
puncture through the infected dura would then be obviated. I prob- 
ably lost two patients due to the fact that preliminary ventriculography 
was not carried out. 


PRINCIPLE POrNTS IN THE OPERATIVE PROCEDURE 

Anesthesia . — I have found that the best anesthesia is a combination 
of avertin and regional. Avertin reduces blood pressure and lessens 
the tendency to bleed. In most suppurative conditions, local anes- 
thesia is contraindicated. In this operation, however, as in brain ab- 
scess it is very efficacious. Bleeding is lessened due to the admixture 
of suprarenin with the novocain. The anesthetic effect lasts for at 
least, two hours. Should there be restlessness and moving of the head, 
G ' ' , iU anl0 iint of ether is advisable. A postnasal plug is used in all 

cases of osteomyelitis of the frontal bone. 

• ■ ■ —When the disease is localized to one side of the frontal 

incisiQU is advised. Beginning at a point beyond 
bone, the _ . ncision j s carried inward just above, and not 

the outer can > a po j n t just above the inner canthus; for a 

through, the ej e 1 r( j nIK ] inward, about one-lmlf inch be- 

short distance obliqueij 
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continuous oozing which takes place from the dura, and during the 
obliteration of the frontal sinus. After removal of the mucous mem- 
brane extending into the opening of the nasofrontal duct, iodoform 
gauze is packed firmly into the remaining portion of the sinus and left. 
Bleeding in this region will then cease. By leaving the central necrotic 
portion of bone as the last to be removed, bleeding from the dura can 
thus be lessened. 

Regardless of what one may do there is a certain loss of blood. We 
have routinely followed each operation with a blood transfusion. 

Amount of Bone Removal . — All writers who advocate resection of 
the skull state that a sufficient amount should be extirpated to insure 
complete removal of the diseased bone. This has been especially em- 
phasized by McKenzie, Bulson, Furstenberg, Adson, Wilensky, and 
Mosher. Furstenberg begins in the grossly infected and broken-down 
area and extends his bone removal as far as he considers it necessary. 

I agree with Mosher who states: “The edema of the skin of the 
forehead is a rough guide to the extent of the bone and the periosteal 
infection. Further ... if there is actual bone necrosis, the bone is 
infected without necrosis for 1 to V/ 2 ," beyond the necrotic area/’ 
To substantiate his opinion, he removed bone at varying distances from 
the actual necrotic portion, and sectioned them. He was able to see 
the changes in the hone from the diseased to the healthy bone struc- 
ture. Furstenberg states: “Both outer and inner plates are removed, 
and the resection is carried well beyond the obvious limits of the dis- 
ease. For reasons already described it often seems feasible to limit 
the resection of the cranial bones to a suture line.” 

When a trephine opening is made at a given position, should droplets 
of pus exude from the diploe, it is obvious that the drill must be set 
farther back in order to insure complete removal. The bone may be 
removed in one piece or piecemeal (Fig. lc). I have done both. It 
seems to make little difference which method is used. The former is 
quicker and leaves a well-shaped portion of bone for reinsertion at a 
later date, should this be desired. At times I have found the dura 
quite adherent at certain areas, and have felt that removal in one 
piece would jeopardize the integrity of the dura. At all odds, the 
dura should not. be unintentionally opened. 

The frontal sinus, or both sinuses, if they are diseased, should be 
widely opened, and the cthmoids exenterated, if deemed advisable. I 
agree with Mosher that the full external limit of the frontal sinuses 
should he exposed and removed if necessary to allow complete oblitera- 
tion of the sinus. It has likewise been observed that this is a “danger 
spot mid may he the source of recurrence. It has been noted also 

1,1 a ,tor,,on of t,te 'ulterior plate forming the .supraorbital ridge can 
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Should the disease involve both sides of the frontal bone, I prefer 
making a similar Hap on the opposite side rather than the inverted 
T-shaped incision. Better exposure can be obtained, the upper or 
posterior margin of the bone defect will not be covered with scalp, 
and scarring will not be increased, for the reason that the upper limbs 
of the incisions are well within the hairline. If the disease is gen- 
eralized, two large bilateral anterior scalp flaps ax - e made simulta- 
neously so that the anterior portion of the slcull can be removed. The 
incisions are similar to that for an osteoplastic flap. Later, similar 
posterior flaps should be made with removal of the posterior part of 
the skull. This requires two or three stages. 

Control of Bleeding . — In these cases, the scalp bleeds very vigorously, 
and it is imperative to control bleeding throughout. The procedure 
necessarily requires considerable time and some loss of blood, in any 
ease, during removal of the bone. The initial loss of a small amount 
of blood does not affect the patient, but continuous loss weakens the 
patient to such an extent that the surgeon may have to discontinue 
the operation, or finish it in a hasty’ - and inconclusive manner. There- 
fore, systematic control of bleeding is highly’ - essential from the begin- 
ning of the operation. 

When the incision is made, it is carried down at the particular point 
to the outer table of the skull for one inch or one and a half inches 
at a time. The scalp edges are reflected, and skin clips are applied 
to the cut edges ou both sides of the incision and are closed snugly. 
This manner of controlling bleeding from the scalp is consistently car- 
ried out step by step until the complete incision is made (Pig- lb). 
When the flap is reflected, major bleeding points from the under sur- 
face are touched with the coagulating electrode, and the scalp flap is 
wrapped in gauze. Some oozing will take place, especially from the 
limb of tlie incision over the supraorbital ridge. Angulated, self- 


retaining retractors inserted at this point will control the oozing. In 
removal of the bone, should retention of it as one piece not be desired, 
the upper or posterior portion of the area should be first attacked by 
removal of tlie entire thickness of the skull between drill holes in 
healthy bone (Fig. lb)- The full extent of bone extirpation should 
be decided upon and carried out at a given point, and the margin of 
tlie bone covered with iodoform gauze. Pressure by an assistant for 
a short time will control bleeding from tlie bone margin at a given 
. ; g fjne wax should not be used on the skull margins which are 
t ° m ain for tlie reason that it will act as a foreign body and may 
be aTource of infection after the incision has healed. 

i 0 f b one about the periphery should be continued 
Systematic ^ CQVered with iodoform gauze in the manner dc- 

and the hoi =, p bleeding will be controlled except the 

scribed. By tins meuwt 



KING: OSTEOMYELITIS OF THE CRANIAL VAULT 


409 


Peroxide is invaluable in loosening tlie very adherent gauze from the 
dura and in allowing slow removal of gauze without tearing the dura. 
The iodoform gauze packing in the remnant of the frontal sinus is 
removed and renewed. Similar pieces of gauze are placed on the dura, 
the flap is returned to its position, and dressing applied. It is not 
necessary to resuture the flap at this time. It will not shrink after 
six days. By the tenth day, the edges of the hone which have been 
in apposition to gauze will have become covered with healthy granu- 
lations. Under avertin anesthesia the gauze between the flap and the 
dura (Pig. 5 B) is removed, and the scalp flap is loosely sutured in 
position, gapping well betweeii sutures. Into these gaps, small pieces 
of iodoform gauze are packed. After three days, the scalp flap will 
have become adherent to the dura. Sutures are removed, leaving the 
two scalp margins separated one-fourth to one-half inch. This assures 
adequate drainage for the cut margins of the bone and successfully 
mitigates against reinfection of the bone edges. The troughlike gap- 
ping incision is loosely filled with iodoform gauze strips which are 
renewed daily or every other day until the wound has completely 
healed (Pig's, 6A and B). The lower inner angle of the flap is left 
open so that prolonged packing of the dimplelike remnant of the 
frontal sinus can be done. It is most important that the sinus be 
completely obliterated with firm granulation tissue, otherwise reinfec- 
tion would most likely occur. Mosher also emphasizes this point. 

Plastic Procedure . — It is advisable to wait for six months or prob- 


ably a year before the plastic procedure is performed. During this 
time, should a small subcutaneous pus pocket develop about a bone 
fragment which has not been removed, it can be opened and drained 
without interfering with the final cosmetic result. Furthermore, latent 
infection will not be stirred up at the time of the plastic procedure. 
It is remarkable how little scarring there is in some cases, even with- 
out a plastic procedure. The scalp becomes softened during the in- 
terval ol waiting, and after the scar has been excised, the scalp edges 
can be easily approximated without tension and danger of infection 
and sloughing. It will be observed that the vertical scar has been 
diawn over to or beyond the midline, although the incision was made 


one-half inch beyond. The cosmetic result is good. The only notice- 
able part of the scar is from the inner cant bus of the eye to the hair- 
line. Ibis portion may be obscured by vertical wrinkles. The scar 
i ('suiting from the other two limbs of the incision is concealed in the 
bait line and above the evebrow. 


1 he average stay in the hospital for the last three cases of 
mjelitis of the frontal hone was forty-four days. 

1 he general principles given above arc followed in cases of 
m>i uis involving other bones of the cranial vault. Should it ; 


osteo- 

osteo- 

tppear 
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be retained, and thereby diminish tiie deformity. The posterior plate 
should be removed low. If this is done, the entire cavity will be more 
quickly and completely obliterated with granulation tissue. 

Closure. — If an opening in the dura leading' into a cortical or sub- 
cortical abscess is found, and complete removal of diseased bone has 
been accomplished, the dura should be opened. Otherwise, exploratory 
punctures through the infected dura are inadvisable. If an abscess 
is drained, the scalp flap is sutured on itself, as described in a previous 
paper, 17 to permit proper dressing of the abscess. If none is found, 
all loose pieces of bone are removed from the surface lest they act as 
a source of reinfection. The strips of iodoform gauze which were 
placed along the bone margin and in the remnant of the frontal sinus 
are left in position. The dura and the operative field are washed off 
with azoehloramid solution, pieces of gauze flats wet in the same solu- 
tion are laid on the dura within the bone defect to the level of the 
outer table of the skull, with a rubber instillation tube placed between 
the pieces of gauze. The scalp flap is then returned to its position 
overlying the gauze packings, and it is loosely sutured with bridge 
sutures to the scalp margin about the defect, leaving the . margins 
about one-fourth of an inch apart. These sutures prevent shrinkage 
and contraction of the flap. The skin clips which were placed on the 
scalp margins to control bleeding are left in position. Otherwise, bleed- 
ing from the scalp edges would be marked. The clips are not removed 
until the fourth day, at which time practically no bleeding occurs. I 
have never swabbed off the dura and bone edges with tincture of iodine 
as advocated by Adson, but I see no objection to it. No drainage tubes 
are necessary in that the area is wide open. 


Both eyes and ears are well covered with vaseline gauze. A copious 
o-auze dressing wet in azoehloramid solution is applied and loosely 
fixed with a w r et bandage and strips of adhesive, including the lower 
jaw r , to prevent removal or slipping of the dressing. If a tight dressing 
is applied, compression of the brain through the bone defect will occur. 


Postoperative Treatment.— Fluids are given very freely. If the pa- 
tent becomes irritable due to increasing intracranial pressure, this can 
e lessened by administration of hypertonic sugar solution, copious 
, mid lumbar puncture, if necessary. 


a i esse ned by administration ot uypenonic sugar solution, copious 
owel movements, and lumbar puncture, if necessary. 

T1 e first dressing is done on the second day, and all the dressing 
10 the flap is removed and renewed. It is well to protect the 
own ,°+i mixture of zinc oxide and olive oil to prevent irritation 
ialp w i i a j ns tillation of azoehloramid is done through the tube 

y the so u i • Peeps the wound clean. No actual pus has 

very two hours. 

,een observed. avertin anesthesia, the original gauze pack- 

On the sixth 3, against the dura are removed (Fig. 5A). 

ngs beneath the flap 
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most part, there is but little tendency for the defect to decrease in size. 
This statement- is made after several years of personal observation of 
these defects. The facts substantiate to a degree the assumption of 
osteogenetic power or function of the dura made by Furstenberg. 

In several recent cases of osteomyelitis in which the skull was gen- 
erously resected, I have observed that regeneration is taking place at 
a surprisingly rapid rate (Fig. 2). In one ease, it is complete. This 
has occurred without any outside aid other than good food and 
hygiene. Furstenberg emphasizes the unquestionable value of infra- 
red light, but this light has not been. used. /' 



I Ic. - X-v:i> film Hlmwinu amount of !>< um regeneration twenty montlix :i flcr r»< tic-til 
nwrtion of right half of frontal tmno. 


XafT/.igtMv’ in a reeenl article, advoeated removal and preservation 
of the lume in an osl eiqdnst ie flap in certain eases of tumor. lie re- 
placed the hone either with or without boiling, following removal of 
tiie tumor. Several years am*. Dorolhy Klenke. an assoeinte on our 


neurosurgical service at Bellevue Hospital, removed the hone from a 
bap. in 1 he belief that the underlying tumor was irremovable. The 
hone mis sent to the laboratory. Several days later a second-stage 
delation was performed, ami a benign tumor was removed. She sent 
t“ the laboratory, retrieved the bony portion of the flap, bad it boiled, 
'-piaecd it in th.v defect. The wound healed by first intention 
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tlial ] have "•one too miicli info details, 1 have done tin’s for hvo pur- 
poses. First, with the hope that my experience may he of some benefit 
to others who have been combating tin’s disease, and second, with the 
intention ol “ spreading the gospel” which has been so ably pro- 
pounded by other writers, especially Fnrsfenberg and Mosher. 


REGENERATION' OF ISONE 


McKenzie, in 1027, noted that “the defect in the frontal bone will 
subsequently be made good by new bone formation and this repair 
takes place rapidly. ” lie did not state the length of time required. 
There are numerous other brief references to bone repair, but the first 
full discussion of the subject that I am able to find is by Furstenberg 


in 1931. lie stated that the dura under favorable conditions is an 
exceedingly active regenerative tissue, in addition to the periosteum. 
Jlis eight eases which survived were cured. The defects in the skull, 
which ranged in size from small defects to one including the cranial 
vault, were all completely closed ‘‘at the end of a period exceeding 
two years.” This is sufficient evidence to disprove the arguments of 
those who have t lie ‘‘defect bugaboo.” 

Regarding the manner in which regeneration takes place, Jie states: 
“The regenerated bone lias for its origin a connective tissue ground- 
work. The fragments and shreds of traumatized periosteum re- 
maining within the wound become thickened and congested, and 
assume the appearance of granulation tissue. The latter serves as a 
young connective tissue base of an embryonic character in which ossi- 
fication may follow. There is a rapid multiplication of connective 
tissue elements with a differentiation of some of the cells into osteo- 
blasts. Thus there is formed an interlacing framework of trabeculae 
which is at first uncalcified, and is spoken of as osteoid tissue. The 
latter soon is infiltrated with calcium salts and there are formed nu- 
merous trabeculae or spicules of bone, completing the process of os- 
sification.” 


After the operations done by him and the others of us who advocate 
wide skull resection, the periosteum and dura, which are the two main 
bone-forming tissues, are approximated. Both clura and periosteum 
are preserved. Regeneration should and does take place. 

U. the time of debridement of a compound fracture of the skull with 
. , hr „ in substance, both the dura and the periosteum may have 

° SS s-icrifieed to a considerable degree. In the instances where botl. 
beeU ‘ ‘ a npriosteum were removed, the degree of regeneration, if any, 
dura ant 1 • ionlastv ls was necessary for closure of these defects, 

was slight- ian number of eases of brain abscess in which the 
Likewise, in a rel noved, yet the periosteum is preserved for the 



KING: OSTEOMYELITIS OF THE CRAXIAL VAULT 


411 


most part, there is but little tendency for the defect to decrease in size. 
This statement is made after several years of personal observation of 
these defects. The facts substantiate to a degree the assumption of 
osteopenetic power or function of the dura made by Furstenberg. 

In several recent cases of osteomyelitis in which the skull was gen- 
erously resected, I have observed that regeneration is taking place at 
a surprisingly rapid rate (Fig. 2). In one ease, it is complete. This 
has occurred without any outside aid other than good food and 
hygiene. Furstenberg emphasizes the nncjnestionable value of infra- 
red light, hut this light 'has not been used. 



nwN’tton of rlcht Imlf of frontal bom*. 


Xafiziger,-' in a recenl article, advocated removal and preservation 
"f the bone in an osteoplastic flap in certain cases of tumor. Ho re- 
placed the bone either with or without boiling, following removal of 
di» tumor. Several years ago. Dorothy KIciikc. an associate on our 
neurosurgical service at Bellevue Hospital, removed the bone from a 
flap, iu the belief that the underlying tumor was irremovable. The 


■'.lie was sent In the laboratory. Several days later a second-stage 
operation was performed, and a benign tumor was removed. She sent 
to t be laboratory, retrieved the bony portion of the flap, had it boiled, 
and t'l’l.n-d h in ! |i,. defect. The Wound healed by fij-st intention. 
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Nnflzigcr staled tli.il “in selected eases of osteomyelitis, particu- 
larly of flic postoperative type herein mentioned, such procedures have 
given a new direction to the surgical problem.” The case which he 
reported was one in which the wound became infected following an 
osteoplastic flap for the removal of a pituitary adenoma. He did not 
make reference to a case of true osteomyelitis such as is considered 
in this paper. 



« patient S r. A. A. P. x-ray film showing: extensive osteomyelitis of 

frontal bine September 3, 1935. B. Enteral view of x-ray film. C. Photograph of 
patient on same date. 

On July 9 1935, before becoming acquainted with the work of 
Xaft'zwer" 1 removed a bloc of infected bone three inches by four 
! ‘ \-orn the left temporoparictooccipital region in a ease of nieta- 
cMtic S osteomyelitis secondary to a lung abscess. I expected to reinsert 
SW ' of bone after twelve months had elapsed. Unfortunately the 
the piece o ‘ - nt0 t [, e occipital bone and across tbe midline 

disease ex en ‘ necessitating several subsequent resec- 

into the opposite panet.u 
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lions by my associate, "Will rid D. AVingrebaeJi. Meanwhile, regenera- 
tion oi bone in the defect! from which the first large piece of bone was 
removed lias taken place to such an extent that implantation of the 
bone will probably not be necessary. 

This method, which Nafi'ziger proposed for the closure of a large 
defect, might be utilized in cases of massive resection of the skull for 
generalized or extensive metastatic osteomyelitis. Since regeneration 
of the skull is so complete, according to Furstenberg, it is questionable 
if any attempt at closure should be done. 

I shall give a fairly complete report of one typical ease with illus- 
trations of the operation, and prints of x-ray films showing the progress 
of a given case. The recovered eases show great similarity. Detailed 
reports of all the cases will he made in another paper. 


Infection following swimming. Suppuratire etlnnoiditis and sinusitis. Ethmoidal 
perforation. Orbital abscess drainage. Osteomyelitis of frontal bone. Massive skull 
resection with obliteration of sinus. Recovery. 

S. P-, fiffcen-year-old schoolboy, was admit toil fo Manhattan Eye, Ear, and Throat 
Hospital to the service of Dr. David .Tones on August 5, 1935, and was attended by 
Dr. Knopf. (Hospital No. 2S439(>.) 

History and physical examination showed that the patient went swimming one 
week before admission, and two days later developed pain, redness, and swelling over 
both eyes. The condition became steadily worse. On August 4, a swelling appeared 
behind the nngle of the lower jaw on the right. On admission, there was marked 
redness, swelling, and tenderness of the upper and lower lids of both eyes with 
chemosis, much more marked on the right. There teas enophthahuos with proptosis 
on right, but none on left. The right eye was fixed, while the left moved somewhat 
and there was photophobia in both. Ear examination was negative. Congestion of 
middle turbinates with creamy yellow pus from right and none from left was noted. 
Swelling the size of hen egg showed behind angle of right jaw. There was no indura- 
tion. or suppuration, and glands were palpable. The general examination was nega- 
tive, and the patient was mentally alert. 

Examination gave an impression of acute frontal ethmoiditis, right, with possible 
earlv cavernous sinus thrombosis. Temperature, 103.6°; pulse, 100; respirations, 24. 
1V.B.C. 21,500; polymorphonuclears, S2; lymphocytes, IS. Blood culture, negative. 

X-ray examination showed involvement of all sinuses, most marked of ethmoids, 
more on the right than on the left. Frontal sinuses were of average size. The 
ophthalmologic report showed vision O.D. 20.20; O.S. 20.20. There was marked 
boo-"V edema of the right upper lid and the region above the right orbit; maximum 
tenderness at the upper outer segment of rim of orbit; marked chemosis of eon- 
• divae with moderate proptosis of globe, and very little mobility of globe. The 
^ U1K -i \vas clear, the pupil moderately dilated, and the iris and lens negative, 
jg't'sfaetory examination of fundus did not reveal any gross pathology. Diagnosis: 


'rbitnl abscess. 

tl same day an incision was made along right supraorbital ridge; the peri 
On. tne -• ^ witll re i cnsc of moderate amount of pus. A counter parallel in- 

sfeum was 0I>eD ,, j mvn ti, P upper lid. Gutta-percha drains were placed, and 
ision was made mm • . 

, a «■«<; Inosplv 5u tu red. 

he woun • . twecn aTO l 1C2° for the next nine days. August 14, 

Temperatore^ran^_^^^ ;(ml j^ynci, operation was performed by Knopf and 
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Dunu ou (lie right .side, with anterior ethmoid perforation into orbit. Ethmoid? 
were (on ml to be sott and mushy. The floor of the frontal was removed; polypoid 
lining, iodoform gauze panic from frontal sinus into nostril. Tube drain was placed 
from nose out to the angle of the wound. Rubber dam drain outer angle. Tem- 
perature declined and ran between normal and 101°. Patient complained of hilt 
little pain. 

August 2P, evidence o! edema and fluctuation over the right frontal area was 
noted. August .10, x-ray films showed extensive osteomyelitis involving almost the 
entire right half of the frontal bone extending well into the midline and almost 
to the coronal suture ( figs. I ! A and />’ ) . The frontal sinus was cloudy, as at 
previous examination made August 5, and no films were made in flu* interim. 



r pTtient S P -t- Appearance of wound on sixth postoperative day after 

of jrauze beneatli flap overlying dura. Bone edges becoming covered with 
removal of gauz^ cov<jrcd wiUl hea lthy red granulations. Bleeds freely. Skin clips 
granulation. , fourth day. B. Appearance of wound with gauze beneatli flap 

before Its "removal on tenth postoperative day. 

, . i W.B.C. 13,S50, polymorphonurloars 72. Transfusion of -1 01) c.c. 

blood'' September 3, x-ray films showed no appreciable change in involved area 

since August 30. 

- the patient on September 3. His appearance was ns shown m fig. .,( . 

1 SS " 100 4° pulse, OS. Radical shall resection for osteomyelitis was 

Temperatuie " a - ’ fallowing dnv, September 4, under avertin and ether 

advised. This was done on the - 

anesthesia* 


, , nia all d swelling of right frontal region of both eyelids of 

arKCtt ‘ ■ n.l.1w.s inlm lenm r%W*C(*J|£ I*» 

Potts 


There was marhed c* e * • • h planting a rubber tube, were present in 

Tischargmg sinu-i-, c ,.„i„ <<Pntfs’ 


Bml ° f S ""' P 
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puffy tumor” had previously existed. The outer table of skull presented typical 
moth-eaten appearance of extensive osteomyelitis with ■numerous sequestra. That 
portion of the bone over and adjacent to right frontal sinus was reddish in color, 
while that above the broken-down area was whitish, or yellowish white. There was an 
extradural abscess which did not extend far beyond the 2 by 2 l-j inch broken-down 
area. The dura was markedly thickened, with heaped-up granulation tissue here 
and there adherent to pieces of necrotic bone. There was no sinus leading down 
through tlie dura. The frontal sinus contained thick yellow pus, a culture of which 
showed Staphylococcus aureus. The operation was carried out as described (Figs. 1 
a, h, and c). (Those drawings were made from another patient.) Resection of skull 



"as extensive, and it was not removed in one piece. The size of the defect is shown 

1 in-- 1.1 and 11. Afterward the patient was given a transfusion of -150 e.c, of 
liv KmiMoii. 

Arts hhiratnid solution was instilled into the dressing every two hours. Skin dips 
" iri r, ‘ m ""'d from scalp margins on the fourth day. Temperature was normal on 
tie sixth day, and gatt/e packing was removed from beneath the scalp flap under 
atittia nne-tlie-ia. < audition of the opetnlive area was good t Fig. .1.1 t. The flap 
"as replaced, but not sutured. 

• ,d rt moral of gaure Is-neatU the flap r V ig. .»/!) was done on the tenth dav 
mot nr et tin anesthesia. Temperature "as normal. The flap was Inosclv sutured 
'"'i' 1 ','’'’' :it * m,r 'als. Four days later, sutures were renewed, and the 

remained until leaded by granulation t Figs, ill nr.d 
""' l! colored. Temp.rarure remained normal throughout 
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renin indor of the patient's .slay in f| le hospital. The patient could have been dis- 
chnigctl fo outpatient department a month following operation, but was retained 
nnti! the wound was completely healed. He was discharged completely cured on 
flio sixty-second postoperative day, lie had gained eighteen pounds in weight while 
in hospital. Ifadiographic films (Figs. 4,1 and 7?) were made on the day of dis- 
chaigo and showed no evidence of recurrence of tile disease. He lias remained well 
since. 

A plastic procedure for cosmetic reasons will he done at an early date, although 
fho appearance of the scar at the present time is not very disfiguring. Bone re- 
generation has taken place to a marked degree. 

This was indeed a satisfactory result. It is believed that similar results should 
be obtained in a majority of eases of osteomyelitis of the frontal bones and of the 
other bones of the cranial vanlt, provided the only complications are extradural and 
subperiosteal abscesses. 


liESULTS AND COMMENTS 


A fairly large number of eases of local osteomyelitis following gun- 
shot wound of the skull observed in Germany and in this country dur- 
ing the late war, infected compound fractures, electrical burns, severe 
damage or avulsion of the scalp, etc., are not included in this series. 
These conditions do not belong properly in the category of the eases 
under consideration. I performed a cranioplasty on two cured cases 
of John McCoy, to one of which he made reference in Ins discussion 
of a paper by Bulson in 1925. These eases are excluded. 

The series includes seventeen patients, twelve males and five females. 
The average age was thirty years. Bight were twenty-two years old 
or less. The youngest was one year, and the oldest fifty-six. Six 
were over forty years of age. Staphylococcus aureus was the pre- 
dominating organism. The source of infection was the frontal sinuses 
and ethmoids in thirteen eases. Three were metastatic; one secondary 
to a lung abscess; one to a blood stream infection following an infected 
wound of the hand; and one to osteomyelitis of tibia and femur. 

Only two patients bad not been operated upon previously for some 
condition, and in these two the frontal sinuses had been probed. Sev- 
eral cases had undergone multiple operations. Ten recovered, seven 
died. 

Of the seven who died, four were hopeless cases from the time they 
were first seen by the author. One had generalized osteomyelitis in- 
volvin'* the entire cranium, both mastoid processes, right malar bone, 
and left mandibular articulation. IIow far it extended into the base 
was not known. Radical operation could not be done. Autopsy was 


t performed. 

One patient had generalized osteomyelitis of Hie skull which appar- 
, ‘ s jjeipo- controlled when metastasis 1o the cervical spine oe- 
5 i 'followed bv meningitis. Another had pniisinusitis. followed 
-T,pid generalized osteomyelitis of flic skull without brealcm 
either table, with a large extradura! ‘ lake of 


’ of pus 


down 
mill meningitis. 
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The fourth patient hacl a brain abscess which had already ruptured 
into the meninges, and suppurative leptomeningitis had developed. 



the other thn-e who died, one hud marked involvement of the 
in. it side of t lie skull with multiple brain abscesses. Another was a 
' " f ‘ lft - v ‘ six . v, ' !, f s « ,f atre, in whom a frontal lohe abscess was 
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suspected, and in whom a Large suppurating; mass in the right upper 
abdominal quadrant developed and was aspirated. She was too ill 
for drainage of either area. 

i he seventh ease probably should have recovered. An underlying 
brain abscess was suspected, but aspiration through infected dura was 
deemed inadvisable. Ventriculograms were not made. While I was 
attending a surgical meeting, the patient, who had been doing reason- 
ably well, became comatose with sudden high elevation of temperature, 
and died. Ilis death was most likely due to spontaneous rupture of 
an abscess into the ventricle. Autopsy was not performed. This is 
the only one of the seven cases on whom the desired radical resection 
of the skull was done. It could not be done in the other six. 

Of the ten cases who recovered, the disease in two of metastatic 
origin affected the parietal bone of one side. In one, a single operation 
was performed. In another, multiple resections were clone. The latter 
lost over half of his cranium. In the third ease of metastatic origin, 
the frontal bone was involved. A single operation was performed. 
In the remaining seven, the disease involved only the frontal bone, five 
extensively. In two, the incision advocated by Mosher was used. 
One patient was operated on by Richard Atkins, and I operated upon 
her for a brain abscess. The second operation was performed by 
Edgar M. Pope under my direction. The other live patients were 
operated upon as desired, according to the method described. Only 
one of the ten patients was operated upon more than once for osteo- 
myelitis. The longest time since operation is over three years, and the 
shortest three and one-half months. The best results have been ob- 
tained in the last few years by the initial complete resection of dis- 
eased bone. 

suaniARr 


1 Treatment of osteomyelitis limited to the bones of the cranial 
vault is considered. Treatment of disease involving the accessory 
nasal sinuses per se, mastoid, petrus, maxilla, mandible, and basillar 
portion of the skull is not within the scope of this paper. 

2 Earlier diagnosis can be made by more frequent x-ray examina- 
tions after the disease is suspected. The softened and partially decal- 

■ cified region of the skull can be recognized several days before the 
moth-eaten appearance accompanying actual necrosis is observed. Ex- 

, / i ;ii 1in i 0 mav be done and diagnosis established. Earlier 

ploratorj nun . 

operation can ™ 

3 , P«l»« ““ localizing a l,r„i„ .bar™, ,vl,cn it, 
for the putpos * ectc d as a complication, provided the general 

existence is strong . abscess can be opened at the time of 

condition permits. A Dram 
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operation for osteomyelitis. Dangerous transdural punctures, which 
might produce an abscess, were it not already present, and rupture of 
the abscess into the ventricle, would be prevented. 

4. Special points in the operative procedure and postoperative course 
have been emphasized. 

5. Closure of the slrull defect following radical resection by regen- 
eration of bone occurs, completely in younger people in the absence 
of prolonged infection and reinfection. Bone regeneration renders 
implantation and transplantation unnecessary. 

6. “Conservative treatment” can be advised only in the most serious 
cases complicated by sepsis, meningitis, etc. Most of these cases will 
die in any event. Radical resection of all diseased bone is advocated 
and urged whenever possible. Halfway measures are condemned. 
Cure can and should he expected in the majority of cases with no 
complications other than extradural and subperiosteal abscesses. In 
other words, if the operation which was advised by McKenzie is prop- 
erly done, most cases should live. 

7. Results. Seventeen cases were operated upon, three of metastatic 
origin. Ten recovered, seven died. Six of the latter had but little 
chance of surviving when first seen by the author. One probably 
died from rupture of a suspected but undiagnosed brain abscess. 
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PHYSIOLOGIC EFFECTS PRODUCED BY ABLATION OF THE 
AUTONOMIC CENTRAL INFLUENCE. 

VARIOUS FORMS OF SYMPATHECTOMY IN THE TREATMENT 

OF DISEASES* 

Alfred W. Adsox, M.D., Rochester, Mixx. 

( From the Section on Neurotonic Surgery, the Mayo Clinic ) 

INTERRUPTION of sympathetic fiber tracts in the treatment of 
* various diseases reveals interesting clinical and physiologic findings. 
These suggest that the fault in the autonomic mechanism is located in 
t he centers of the cerebrospinal system rather than in the peripheral 
system. The fact that the smooth muscles of the blood vessels and 
visceral organs, the cardiac muscles, pilomotor muscles, and the sweat, 
sebaceous, salivary, and other secretory and excretory glands are inner- 
vated by fibers from the autonomic nervous system indicates that path- 
ologic states may arise from excessive or decreased stimuli carried over 
this nervous system. The rationale of surgical treatment of these 
various diseases is to regulate the number of stimuli by sectioning 
sympathetic pathways, rami and trunks, and to remove sympathetic 
ganglions in order to decrease the number of central impulses carried 
to the organ or tissue involved. 


ANATOMY 


The following brief review of the anatomy and fundamental physi- 
ology involved is presented with the hope that it may aid in a better 
understanding of the reactions that follow various types of sympathec- 
tomy: 


According to White, “the autonomic system, in both its cranial and 
thoracolumbar divisions, is developed from migrating cells which leave 
the brain stem and spinal cord in the early stages of embryonic develop- 
ment. These cells continue to divide by mitosis and thus form the 
peripheral visceral plexuses. Consequently, there is no fundamental 
difference between the autonomic and the cerebrospinal neurones.” 

* uiskell' 1 and Langley*" classified the autonomic nervous system into 
'no main anatomic and functional divisions: the synt i>ath< tic, or thora- 
columbar outflow, and the panisi/m/mf/ir/iV or craniosacral division. 
I he er n brut representation of the sympathetic out How is presumably 
located in the paraventricular nuclei of Hie third ventricle of the hypo- 
thalamus. just posterior to the stock of the pituitary body. 

Tlie investigations of Beattie. Brow, and Long tliWOt" have shown 
t„hc ’''umeethni between the paraventricular nuclei and the lateral born 
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cells in the Ihoracic region of the spinal cord. These fibers, in traversing 
flic cord from the medulla, follow rather closely the pyramidal system. 
White rami eomnninieanlcs composing the thoracolumbar outflow orig- 
inate in cell bodies located in the lateral columns of the anterior horns, 
and the fibers leave the cord by the ventral roots of the spinal nerves 
from the first thoracic to the second lumbar segments. These fibers 
invariably make synaptic connections with sympathetic neurones, which, 
as postganglionic rami, communicate with the visceral organs or the 
structures of respective somatic segments. According to Gagel , 30 ana- 
tomic studies show that autonomic control from these higher areas is 
transmitted to the peripheral plexuses through a series of nuclei in the 
medulla which lie close to the midline in the floor of the fourth ventricle. 
Another important reflex center in the medulla lies beneath the calamus 
script orius at some distance from the midline. These reflex centers 
appear to act as regulatory mechanisms, since the cardiac, respiratory, 
and vasomotor centers are closely associated with the motor nucleus of 
the vagus nerve. 


The parasympathetic cerebral representation is presumably located in 
the hypothalamus, anterior to the sympathetic centers, in the supraoptic, 
tuber cinereum, and mammillary nuclei. The cranial fibers of the para- 
sympathetic group leave the brain by way of the third, seventh, ninth, 
and tenth cranial nerves. The vagus is by far the most important of 
the involuntary nerves; however, it should be borne in mind that the 
vagus nerve is composed of involuntary and voluntary fibers. The sacral 
parasympathetic outflow leaves the spinal cord with Ihe second, third, 
and fourth sacral nerves. After the mixed nerves have passed through 
the saeral foramina, these pelvic nerves (nervi erigentes) do not con- 
tinue with the white rami to the sacral sympathetic ganglions, but run 
directly into the hypogastric ganglion and thence to the walls of the 
pelvic viscera. Their postganglionic neurones lie in the intrinsic plex- 
uses of the genitalia, bladder, and rectum. 

Papez and Aronson (1934) have recently summarized the anatomic 
and physiologic data concerning the nuclei in the Inpothalamic areas 
which have been shown to coordinate visceral activity and, to a large 
extent, to regulate human emotions. Fulton and his colleagues, aD in 
their investigations, have found a certain degree of vasomotor and 
intestinal localization in the cerebral cortex, area 6 of Bradman. As- 
expressed bv Clark (3932), 18 “the hypothalamus is the recipient of those 
' e and indefinable impressions which arise in association with all 
go of visceral activities and metabolic processes. Through its nervous 
S01 ' . i + i ivml< ri, the direct liaison which it establishes with the 

via the pituitary, it mediates the into- 
Cnd tTon of the visceral impulses and plays an essential part m the control 
of the internal milieu of the organism. 
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For a detailed review of the anatomic relationship of the autonomic 
system, I am much indebted to Ranson 52 and Kuntz, 30 since I have 
frequently referred to Ranson ’s, “Anatomy of the Nervous System,” 
1928, which contains a very thorough ncurohistologic review, and to 
Kuntz ’s, “Autonomic Nervous System,” 1929, which presents a correla- 
tion of anatomic, physiologic, and pathologic facts. White’s - ' 8 “The 
Autonomic Nervous System” lias proved of inestimable value as a ref- 
erence, since it contains, in condensed form, data pertaining to the 
anatomy and physiology and to the surgical treatment of diseases aris- 
ing from dysfunctions of the autonomic nervous system. 


PHYSIOLOGY 


The character of this paper does not permit full discussion of all 
physiologic reactions arising from stimuli carried over the autonomic 
nervous system. I shall, therefore, quote a summary from White’s 
hook, but before doing so, much credit should be extended to Professor 
Cannon and his collaborators who have extended the investigations of 
Claude Bernard,’ 2 Haskell, 31 and Langley, 40 who in turn are chiefly 
responsible for our present understanding of the physiology of the 
sympathetic nervous system: 


“One of his (Cannon’s) greatest contributions to tliis subject 1ms been bis ob- 
servations on animals which have boon totally deprived of sympathetic activity by 
removing the paravertebral ganglia from the neck to the lower lumbar regions 
(Cannon ot nl., ltl20).ir These animals have lived in the sheltered conditions of the 
laboratory in good health for years. The animals become very sensitive to rold, as 
they have lost the ability to conserve heat. Erection of the hairs is permanently 
lost, lmt the peripheral arteries recover a degree of local vasomotor tone. Ability 
to IHvform muscular work and to resist fatigue is greatly reduced. These animals 
riiow no tendency toward vagotonia, as digestion is unchanged, the heart rate is 
only slightly slowed, and the blood pressure remains little altered. The basal 
metabolic rate is reduced about ten per cent. The eat becomes pregnant and repro- 
duce.. in a normal manner, bat is unable to nurse her young (Cannon and Bright, 
1.I..1 t.o. | here are no not trouble growth changes in kittens which have had a 
• etui s' mpnlheetnmv performed on one side. This shows that tin* sympathetic 
in nous sjstem is relatively unimportant in a protected constant environment, bill 
' m ph ns ires its essential character in the conditions of stress and strain which are 
met in normal existence. 


la summing lip the role of the thortirolumhar division of the involuatnrv 
non- sistetn, "e should think of it ns an emergency protective mechanism, which 
■ o'')""' all the time, but which is always icady to go into action to 

vliirl ', of circumstance. Some of the mo-t common conditions 

'( V.ty an- pain, extremes of temperature, nsphvxiu. haemorrhage. 

Sr. - ,, •«**•» — - i~ 

. •y Mm . v stimulate a generalized sympathoadrenal discharge... 

exUm'nUaar' ’'.'■•‘pathetic nerve- are catabolic and give rise to an 

.p.,d »••• 

,i .■ - !it '' ,1 ‘" ! »mbohc function, of the craniosacral f,„ w - 
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cells in the thoracic region of the spinal cord. These fibers, in traversing 
the cord from the medulla, follow rather closely the pyramidal system. 
White rami communicant es composing the thoracolumbar outflow orig- 
inate in cell bodies located in the lateral columns of the anterior horns, 
and the fibers leave the cord by the ventral roots of the spinal nerves 
from the first thoracic to the second lumbar segments. These fibers 
invariably make synaptic connections with sympathetic neurones, which, 
as postganglionic rami, communicate with the visceral organs or the 
structures of respective somatic segments. According to Gag-el , 30 ana- 
tomic studies show that autonomic control from these higher areas is 
transmitted to the peripheral plexuses through a series of nuclei in the 
medulla which lie close to the midline in the floor of the fourth ventricle. 
Another important reflex center in the medulla lies beneath the calamus 
scriptorius at sonic distance from the midline. These reflex centers 
appear to act as regulatory mechanisms, since the cardiac, respiratory, 
and vasomotor centers are closely associated with the motor nucleus of 
the vagus nerve. 


The parasympathetic cerebral representation is presumably located in 
the hypothalamus, anterior to the sympathetic centers, in the supraoptic, 
tuber cincreum, and mammillary nuclei. The cranial fibers of the para- 
sympathetic group leave the brain by way of the third, seventh, ninth, 
and tenth cranial nerves. The vagus is by far the most, important of 
the involuntary nerves; however, it should be borne in mind that the 
vagus nerve is composed of involuntary and voluntary fibers. The sacral 
parasympathetic outflow leaves the spinal cord with the second, third, 
and fourth sacral nerves. After the mixed nerves have passed through 
the sacral foramina, these pelvic nerves (nervi crigcntes) do not con- 
tinue with the white rami to the sacral sympathetic ganglions, but run 
directly into the hypogastric ganglion and thence to the walls of the 
pelvic viscera. Their postganglionic neurones lie in the intrinsic plex- 
uses of the genitalia, bladder, and rectum. 


Papez and Aronson (1934) 4C have recently summarized the anatomic 
and physiologic data concerning the nuclei in the hypothalamic areas 
which have been shown to coordinate visceral activity and, to a large 
extent to regulate human emotions. Fulton and his colleagues, 50 in 
their investigations, have found a certain degree of vasomotor and 
intestinal localization in the cerebral cortex, area 6 of Bradman. As 
cxnressed bv Clark (1932), 15 “the hypothalamus is the recipient of those 
ail d ‘indefinable impressions which arise in association with all 
°. , activities and metabolic processes. Through its nervous 

sorts o^ < t] (1jm , t ii a i s0 „ which it establishes with the 

coanexioiis. and tmoi ^ ^ ^ pituitaiyf i( nu , fliaU ,s the into- 
endocrine nga a . ^ s . md pIays an essential part in the control 
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“In 187(5 Eutenburg and Landois^s observed a ripe in skin temperature of the 
contralateral extremities on ablation and a fall on stimulation of the motor-sensor} 
area. These experiments have recently been repeated and corroborated by Pinkston, 
Bard and Rioeh (1934). 5® Gowers and Beeliterew have cited cases of hemiplegia 
and traumatic lesions near the ‘central gyrus’ in man with increased temperature 
of the contralateral half of the body. An interesting case showing unilateral vaso- 
motor disturbance lias recently been reported by Ivennard, \iets, and Pulton 
(19.14 ).3T In this patient a tumour of the right premotor cortex caused redness, 
heat, and sweating over the entire left side of the body. . . . 

“In a case of diencephalic tumour, reported by Penfield (lOSO),- 18 extra- 
ordinary outbursts of autonomic activity appeared in repeated attacks. These 
manifestations consisted of cutaneous vasodilatation, salivation, sweating, and 
pilomotor activity. Tears flowed from both eyes, the pupils dilated, and in severe 
attacks the eyeballs protruded. The heart-beat became strong and rapid, while the 
respiration was slowed. Following an attack the woman became constipated and 
experienced difficulty in emptying her bladder. She finally died after a prolonged 
series of attacks. Post mortem examination revealed a cholesteatoma of the choroid 
plexus which protruded into the foramina of Monroe, causing an internal hydro- 
cephalus. This tumour lay close to the region delimited by Bard. 

“After working on the same subject from another angle, Cushing (1931 A and 
B)=-i, 24 has reported a series of interesting observations on the effects of pituitrin 
ami pilocarpine injected into the cerebral ventricles. As is already well known, 
the hormone from the posterior half of the gland when injected intravenously 
causes vasoconstriction and stimulation of the muscle in the lower bowel. When 
introduced into the ventricle, on the contrary, Cushing found it to cause flushing, 
sweating, salivation, vomiting, and a pronounced fall in body temperature — a 
generalized parasympathetic response. Pilocarpine introduced into the ventricle 
gave a very similar response. The effect of both drugs was abolished by atropine, 
a further indication that the phenomenon was due to a parasympathetic discharge. 
In cases where the autonomic centers in the diencephalon were infiltrated by tumours, 
this reaction failed to take place. He observed that the effect produced on the 
parasympathetic system appeared to be ns diffuse in its character as the response 
of the sympathetic to adrenaline. He believes that the active principle of the 
neurohvpophysis reaches the autonomic nuclei in part bv diffusion through the 
“'^“brospinal fluid and in part through the blood.” 


1*1 1 VSIOI’ATI tOI.OOIC OBSERVATIONS 

I hough ii is possible to understand that llie autonomic nervous .sys- 
tem controls t ho homeostasis of a normal individual, it is much more 
Mflicnlt to understand why a certain component of this system should 
huh It is possible for tin organic lesion to affect or destroy a part of 
'be autonomic system. If the lesion is of an irritating character, the 
autonomic impulses may be intensified or increased in number. Destnte- 
!n< ^ Nl<, " s w,rt *hi produce the opposite effects, inasmuch as nervous 
pathways would be destroyed or reduced in number: but in either ease 
u musi balance of visceral organs, vasomotor control, or glandular 
“•met m„ would be disturbed. Neoplastic and 


lumotoi, motor, and hypothalamic areas i 
traumatic myelitis of the spinal cord have t-n 


vascular lesions of the 
with similar lesions and 


'rations of autonomi,. disturb;' 


produced innumerable illus- 
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again mulio extensive use of Cannon ’sir. excellent exposition in The Wisdom of the 
Body. The functions of the cranial division are carried out by a group of re- 
flexes, conservative, protective, and up-building in their service. By narrowing the 
pupil the retina is protected from excessive light. By providing for the flow of 
saliva and gastric juice, and by increasing the tonic state of the gastrointestinal 
canal, proper digestion, absorption, and elimination of food substances are assured. 
Further evidence of the conservative influence of cranial autonomic tone is seen in 
the provision for rest and recuperation of the cardiac muscle bv vagal slowing of 
the heart rate. 

“The function of the sacral division is in the main to empty hollow organs 
which are periodically tilled. Sacral autonomic impulses cause contraction of the 
lower colon, rectum, and urinary bladder. At the same time the involuntary sphinc- 
ters of these reservoirs are relaxed. While less is known concerning the functional 
innervation of the reproductive tracts, it is probable that these are put in a state 
of sexual activity by parasympathetic impulses, as it is well known that they are 
inhibited by the opposed activity of the sympathetic system. 

“It is apparent that these two great systems, which control the activity of our 
circulatory, respiratory, digestive, and genito-urinary systems, are in a stnto of 
balanced opposition. Like the balanced tone of the extensor and flexor groups of 
muscles described by Sherrington, when one is excited, the other is inhibited. While 
the effect of the sympathetic impulses is very diffuse, the opposed effect of the 
parasympathetic is more specific. Between the two every type of response, both 
general and local, is provided for. As Cannon puts it, ‘all the viscera can be in- 
fluenced simultaneously in one direction or the other by varying, up or down, the 
. , . tonic activity of the sympathetic division. And any special viscus can be 
separately influenced . . . by varying . . . the tonic activity of the special nerve of 
the opposed cranial or sacral division that reaches directly to the viscus. Thus the 
heart may beat rapidly because the effect is part of the total complex of effects on 
the viscera produced by the sympathetic in emotional excitement; ... or it may 
beat rapidly without extensive involvement of other viscera because of a lessening 
of vagal inhibition. The sympathetic is like the loud and soft pedals, modulating 
all tlie notes together; the cranial and sacral innervations are like the separate 
keys. When we consider that in emergencies the sympathetic functions in a great 
variety of ways serve the organism as a whole, the importance of its arrange- 
ment for simultaneous and unified action becomes evident.’ 


“This co-ordination of the body as a whole to meet changing conditions in its 
external or internal environment by automatic adjustment has been called ‘homeo- 
stasis’ bv Cannon (IflflOB). 14 Homeostasis frees the individual from the difficult 
task of paying routine attention to the management of the details of bare existence. 
Without homeostatic control the warm-blooded animal would be in constant, danger 
0/ disaster, unless always on the alert to correct voluntarily what the vegetative 
system regulates in a purely automatic fashion. 

' “ Yll automatic mechanisms, even the most efficient, may cease to function 
til-" The normally efficient homeostatic control may break down in certain 
smoot i J- , p or j Ils ( !in re, many individuals suffer from chronic vnsoron- 

abnorma con ‘ 1 ‘ unities- their hands and feet are constantly cold and moist 
striction m 10 ' . t ; on j n other instances the heart may ovcraccelerate at the 

from exccssi'e per. pir-^^ mav f a jl to progress along the gastro-intestinal canal at 
slightest stimulus, or cstrcme reactions continue, they result in clinical 

a normal rate. 1 disease, neurocirculatory asthenia, and megacolon, ns 

syndromes such as aynau ms cannot lie classified under any definite 

well as in a host of vague -. 
diagnosis. - • • 
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pigment granules. The pigment was found to be of two types, the lipochrome or 
fat-containing pigment which stained with sudnn 111, and the fat-free type which 
had an affinity for silver.” 

Prom all their histologic observations Craig and Kernohan came to 
t he conclusion that the noxious agent which caused the vascular diseases 
and for which operative relief had been instituted did not act on the 
sympathetic ganglions removed and that the ganglions act simply as 
relay stations for impulses from high centers where the disease orig- 
inates. 

CLINICOPHYSIOLOlilC OBSERVATIONS 


As I observe patients with various diseases resulting from dysfunc- 
tion of the autonomic nervous system, I am impressed with the fact that 
these individuals must be born with unstable autonomic nervous sys- 
tems. Vasomotor disturbances of the extremities, when they occur, 
make their appearance early in life and usually afflict young asthenic 
females. Not infrequently some newborn infants have megacolon, and 
others have disturbances of the bladder and urinary retention without 
the presence of demonstrable etiologic factors, it would thus appear 
that the greater number of these individuals have an autonomic nervous 
system that is constitutionally inferior. They have an autonomic mech- 
anism capable of coping with a protected environment, but they do not 
have one that can adjust the body to all emotions and physical demands. 
With the continued call on reserve energy, the autonomic mechanism of 
tlicsc people breaks down and produces a diseased state. It no longer 
serves as a regulator, but may act either as an accelerator or as a de- 
pressor mechanism. 


Psychic influences play important roles in diseases which result from 
dysfunction of t his nervous system. .Mental fatigue, worry, fear, and 
anger will aggravate vasomotor disturbances such as Raynaud’s disease, 
while a change of environment, physical and mental rest, and content- 
ment will ameliorate the symptoms. 

1 lie heat -regulating mechanism exercises considerable control over the 
vasomotor and sudomotor functions. Strenuous physical exercise pro- 
duces a flushing of the skin and perspiration. The vasoconstrictor im- 
pulses arc undoubtedly inhibited; thus arteries of the skin are permitted 
to relax and to increase in caliber in order to allow more blood to reach 
the surface, there to be cooled and to lower the body temperature. It 
is possible that there is a direct vasodilatation impulse which aids in 
affecting arterial relaxation; but. as vet. the anatomy and physiology 
"t this phenomenon have not been indisputably settled. The* excessive 
perspiration accounts for increased heat elimination by evaporation. 
Increased metabolism from excessive ingestion of food, environmental 
heat, hyperthyroidism, fevers and protein reaction, ami artificial fevers, 
ptoduee \asomotor and sudomotor responses similar to those [fiat follow 
sttemsous physical exercises. 
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Since autonomic disturbances manifest themselves in one person in 
the form of vasomotor spasm affecting the arteries of the hand, while 
in another, vasomotor spasm may be more marked in t lie principal 
arteries of the feet, and still others will complain of hyperhidrosis, essen- 
tial hypertension, megacolon, and so forth, it occurred to Craig and 
Kcrnohan 81 that it might be worth while 1o make a careful histopath- 
ologic study of the sympathetic ganglions and trunks which were re- 
moved for the specific purpose of effecting vasodilatation in the treat- 
ment. of Raynaud’s disease, thromboangiitis obliterans, the acral type of 
scleroderma, and the rheumatoid type of polyarthritis affecting the 
hands and feet. Their study consisted of a review ot the sympathetic 
ganglions in 208 cases in which such ganglions were removed in connec- 
tion with both ccrvieothoracie and lumbar sympathetic ganglioneetoniy. 


According to Craig aiul Kornolian :2i “It had heen noted that in a certain num- 
ber of operations for the removal of sympathetic ganglions, indications of inflam- 
matory reaction in both the posterior mediastinum and in the postperitoncal tissues 
were found. In the abdomen, enlarged lymph nodes frequently interfered with the 
exposure of the sympathetic chain to such an extent, that it was necessary to dis- 
sect and remove them before the operation could bo completed. Although enlarged 
lymph nodes were not encountered in the mediastinum, the difficulty of dissecting 
the sympathetic trunk due to adhesions suggested the presence of mild mediastinitis. 
These observations at operation raised the question of local inflammatory reaction 
playing some part in the dysfunction of the sympathetic system by involving the 
ganglion tissues and cells. In addition to the histologic examination of the ganglions 
removed, bacteriological examinations were also made, which were essentially nega- 
tive in the entire series. 

“A control series of forty nonoperafive cases were used, and the corresponding 
sympathetic ganglions were removed at postmortem and examined in a similar man- 
ner. In none of these cases was there any clinical evidence of the four conditions 
which constituted the basis of this study. 


All the 

advancing age. 


the blood vessels of the diseased extremity and were 
vessels. Small collections of lymphocyte- 


“In comparing the histologic observations of the sympathetic ganglions, ns evi- 
denced bv the van Gieson stain, haemotoxylin and eosin, thionin, Orlandi silver im- 
pregnation method, Hortega's silver carbonate method, Cnjal's gold chloride and 
sublimate method, nothing was found to explain the various vascular disturbance. 

changes were within normal limits and could be explained on the basis of 
There was no histologic difference between the ganglions removed 
r the various diseases, although these varied much in their clinical manifestations. 
° r e vesse ls in the ganglions removed from patients with vascular diseases did 

not* partake of the changes in 

1 . gt rcg pects to the control 

similar tiiy pent ; n a j] the ganglions, including the control ganglions. Sympti- 
like cells v. ^ , |fe Hurr0 unded by a delicate capsule which is covered on the 

thctic gang ^ ^ flattened, elongated cells of connective tissue origin and are 
outside bv a a . ,j nr cells, whereas the inner side of the capsule is lined with 

referred to as j )c( , n called endocapsular •amphicytes ' or ‘satellite cells.' 

a layer of cells " . .. ],jstologic changes in either of these groups of cells. 

There were no character,^ ;l 

Vacuolization "as no ^ cndocnpsu ] nr cells which occasional!. 

of acute swelling o •ells of the svmpnthetic ganglions were found to increase with 
ment granules iu the ic . j n ,>],] ( >rlv persons most cells contained numerous 

the age of the patient, so 


noted in till of the ganglion.* ami was considered to be the result 


contain mucus. Pig- 
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pigment granules. The pigment was found to be of two types, tlie lipochrome or 
fat-containing pigment which stained with Sudan III, and the fat-free type which 
had an affinity for silver.” 


From all their histologic observations Craig and Kernohan came to 
the conclusion that the noxious agent which caused the vascular diseases 
and for which operative relief had been instituted did not act on the 
sympathetic ganglions removed and that the ganglions act simply as 
relay stations for impulses from high centers where the disease orig- 
inates. 

CLINICOl’HYSIOLOGIC OBSERVATIONS 


As I observe patients with various diseases resulting from dysfunc- 
tion of the autonomic nervous system, I am impressed with the fact that 
these individuals must be horn with unstable autonomic nervous sys- 
tems. Vasomotor disturbances of the extremities, when they occur, 
make their appearance early in life and usually afflict young asthenic 
females. Not infrequently some newborn infants have megacolon, and 
others have disturbances of the bladder and urinary retention without 
the presence of demonstrable etiologic factors. It would thus appear 
tiiat tiie greater number of these individuals have an autonomic nervous 
system that is constitutionally inferior. They have an autonomic mech- 
anism capable oi coping with a protected environment, hut they do not 
have one that can adjust the body to all emotions and physical demands. 
Vi ith the continued call on reserve energy, f he autonomic mechanism of 
these people breaks down and produces a diseased state. It no longer 
senes as a regulator, hut may act cither as an accelerator or as a de- 
pressor mechanism. 


Isychic influences play important roles in diseases which result from 
t>sf unction oi this nervous system. Mental fatigue, worry, fear, and 
•ni^ei will aggravate vasomotor disturbances such as Raynaud's disease, 
" 11 r a change of environment, physical and menial rest, and content- 
" U ' ,U wil! ameliorate the symptoms. 

1 in inat-iegulnting mechanism exercises considerable control over the 
unotoi and sudomotor 1 unctions. Strenuous physical exercise pro- 
u is a Hushing oi the skin and perspiration. Tin* vasoconstrictor im- 
! * U< ’ ,n ^ m *btedly inhibited-, thus arteries of the skin are permitted 
ll . lX / U1< ' lur<>i,st ’ 111 ''aliher in order to allow more blood to reach 
is '"h ' ' *' Ult <>0 °h‘d and to lower the body temperature. It 

affect'' " la ! * s a direct vasodilatation impulse which aids in 

,<• " ‘ u *'"al lelaxatiou; but. as yet, the anatomy and physiology 

ll n " """ ,mV< ’ , " >t indisputably settled. The excessive 

Ineiv'is'.!,?'" 11 I" 1 ' '"creased heat elimination by evaporation. 

i 111 !i1 ’fflism trom excessive ingestion of food, environmental 
prodms- v-!s 1>U1 " h’Vers and protein reaction, and artificial fevers, 
and sudomotor responses similar «o those that follow 
Physical exorcises. 
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Drugs appear lo have selective action on the sympathetic and para- 
sympathetic system. Some stimulate and others depress the central 
activity. Other drug's appear to affect the endings of the peripheral 
neurones. The ingestion of alcohol, for instance, increases metabolism, 
but not to such an extent as to account for the sudden and marked 
vasomotor relaxation that it produces. It appears that alcohol stimu- 
lates the heat-regulating mechanism, which in turn inhibits the vaso- 
constrictor responses. The vasodilating effect of alcohol, like that of 
induced fever from administration of foreign protein, serves as a thera- 
peutic agent in the treatment of vasospastic diseases. 

Nerve blocks by local anesthetics produce temporary vasodilatation 
and cessation of perspiration. Spinal anesthetics produce similar effects 
over wider areas in addition to the motor and sensory anesthesia. How- 
ever, a general anesthetic like ether produces a vasodilating effect which 
lasts from three to five days. The maximal vasodilatation response 
occurs as soon as the patient is thoroughly anesthetized. It then con- 
tinues for from ten to fifteen hours, when the effects gradually taper 
off. If an operation is prolonged or much blood is lost, the protective 
measure of vasoconstriction overpowers the vasodilating one, and the 
skin will blanch and become cool and moist. The sudomotor reaction 
is more marked during the flushed or vasodilating phase than during 
the phase of shock. 

VASOMOTOR REACTION'S 

The rationale of sympathectomy^ in the treatment of vasospastic 
disease is based on the theory that interruption of sympathetic path- 
ways will reduce sufficient vasoconstrictor impulses to prevent vasospasm 
and permit return of a normal circulation. 

There are two schools of thought concerning the cause of the vaso- 
spastic disease known as Raynaud’s disease. The adherents lo Ray- 
naud’s conception believe that vasomotor spasm involves small arteries, 
arterioles capillaries, and venules, that the vasoconstrictor impulses are 
of central origin and are initiated by a faulty central sympathetic 
mechanism, and that the local reactions lo eold temperatures are normal 
reflex responses superimposed on a state of chronic vasospasm. The 
other school 38 ’ 43 holds that defective circulation is due to a fault of the 
Rental arteries and vessels of smaller caliber, without spasm of Iho 
■his* and that the phenomena are produced by cool temperatures and 

arc relieved by heat. 

, jaedieal vascular and neurosurgical staffs of the Mavo Clime 
, t occasion to study thoroughly, preoporalivoly and posfopera- 
have ia ' o eases 0 f Raynaud’s disease in which patients were 
lively, nme J ^ j vjic 0 f sympathectomy. The operations have varied 
submitted o ■ ^ f Iicy were changed from time to time during the 

in their scope, - t j, c operative measures. The postoperative 

developmental stages 
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results have been followed for periods of a few months to ten years. 
The opinions I shall give are the composite ones arrived at by the two 
staffs, Brown, Allen, Barker, Horton, and Roth, and Craig, Love, and 
myself, who have studied these cases. We neurosurgeons have also 
operated upon a number of other patients with diseases that are in- 
fluenced by vasomotor spasm; namely, 154 patients with thrombo- 
angiitis obliterans, thirty-four with scleroderma, seven with hyperhidro- 
sis, forty-three with peripheral rheumatoid arthritis, and thirty-six with 
essential hypertension. It is not the purpose of this paper, however, 
to discuss surgical indications and selection of cases, since it is intended 
to record observations to substantiate the theory that pathologic states 
result, from a dysfunction of the central autonomic mechanism. The 
numerous operative procedures performed on the sympathetic nervous 
system have permitted me to compare the physiologic and pathologic 
findings before and after section of rami and removal of ganglions and 
trunks. 

Blanching of the skin on exposure 1o low temperature, or on sub- 
jection of an individual to sudden fright, is a normal reaction, as is 
flushing of the skin when local heat is applied or when an individual 
is suddenly embarrassed. These normal reactions vary in individuals, 
and thus it is apparent that they can be initiated as easily by psychic 
influences as by local thermal factors. Since these same phenomena of 
blanching and flushing combined with sweating arc important factors 
in regulating body temperature, it would appear that they were more 
or less subservient to the central heat -regulating mechanism. It is also 
a known fact that blanching of the skin, vasoconstriction, takes place 
during a chill, regardless of bed covering and room temperature, and 
that flushing of the skin appears during the height of fever in a cool 
room. 

I he mechanism of vasoconstriction ami vasodilatation is not as simple 
a reaction as is contraction and relaxation of skeletal muscle, since Ihc 
cardiac and vascular musculature is kept in tone by pressor and de- 
piossor substances which circulate in the blood stream. Changes in 
concentration of these substances will change vascular tone, but these 
substances are not normally secreted in such amounts as to produce 
pathologic lesions, unless ••essential hypertension" is the result of such 
•' condition. Tims it appears that a direct neurogenic vasoconstrictor 
impulse is necessary to produce sufficient vasospasm to decrease the 
blood supply until death of tissue results. 


kaynu o's msr.Asi: 

Mmv Raynaud's disease 1 - ’- 1 represents the tvpieal phenomenon of 
wisosj.asm, which varies in degree from mild discomfort to ulceration, 
e-marei"- of digits with scleroderma. 1 * and daetvle arthritis.* 1 it will 
'< os 1 le theme for discussion. Its amenability to various forms 
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of sympathectomy permits of preoperative and postoperative studies. 
One might try to present a composite picture in chart form of all our 
cases in which operation lias previously been performed. Since the 
symptoms and reactions are similar, however, only varying in degree of 
severity, I believe the facts can be. told more clearly by following the 
record of one case which presents most of the problems encountered in 
the treatment of vasospastic disease. 4 - 5 - ”- 2li - = 5 - ■>< 

If we were to accept the theory that the changes in color of Raynaud’s 
disease were due to a fault in the terminal arteries of the digits or in 
the smaller arteries of the skin, instead of a fault in the central mecha- 
nism, we would expect no psychic influences on these changes in color, 
nor would we expect the phenomenon of asphyxia or cyanosis to appear 
in patients residing in warm climates or living in an overheated room. 
Neither would we expect nerve block or interruption of postganglionic 
rami, various forms of sympathectomy, to alter the cycle of asphyxia, 
cyanosis, and rubor in patients, assuming of course that the environ- 
mental temperatures were the same post opera lively as they were during 
the tests taken preoperatively : 


Typical Case or Vasospastic Disease. — A school girl, seventeen years of age, 
first registered at the clinic in March, 1920. She ivas native born of English descent, 
Iler chief complaint was of drawing pains in the right lower abdominal quadrant. 
She was also troubled with constipation, frequent headaches, and insomnia. General 
examination revealed nothing definite, and the neurologist eoneludcd that she was 
suffering from nervous exhaustion, since the laboratory and physical examinations 
revealed no evidence of Raynaud ’s disease or of any other physical defect. It was 
apparent that the patient at this time was having difficulty in adjusting herself to 
her environment, as it had become necessary for her to stay out of school two or 
three days every week. 

The patient again reported in March, 1932, with a history of vasomotor disturb- 
ance complaining of whiteness and tingling of her fingers and toes; she did not 
complain of abdominal discomfort, headaches, constipation, or insomnia. She stated 
that she had first noticed these symptoms in the autumn of 1927, about eighteen 
months after her original visit to the clinic. As she went on to describe the onset 
of her svmptoms, she stated that the first observations made were that, on nwnken- 
j ; n |]’ e m oming, the tip of her third linger on tin- left hand would become white, 
numb and would tingle. Two or three months later site had noticed that the whole 
fi wer had become involved instead of just the tip. She said that she had been 
able to see the white line gradually advancing toward the hand. The changes in 
lor those of asphyxia, had lasted from three to thirty minutes, and lit first hail 
C001 rred onlv in the morning. In the spring of 192s, her big toe on the left foot 
occur • ))(?come numb, and tingled, simultaneously with similar symptoms in 

had > a > ^ ] lnn( ). Within two months of the onset of (he vasomotor 

the thil t0Pj n ]| !ier toes !im | fingers of the left foot and hand, with tin- 

changes m (lic t ] ium 'b, had gone through the same changes. In the mitimin of 

exception o on | lpr right hand and her big toe on tin- right foot had been 

192S, the t nrt 1 <,- im ilar to that which had affected the corresponding fingers 

affected in a mam side. Two months later all of the toes and fingers on the 

and toes of the opposi^ | )I)t t | l( , vasomotor reaetion to asphyxia, that is. 

right side had become i still more intense on the left side than 

blanching, numbness, am t | l|irP , V!1S „o prickling sensation during the red 

, ■„!,* The pattern s.mi 

on the right, in'- t 
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before lumbar sympathectomy. Accordin glv, on March 23 the patient received on 
each hand 275 roentgen units of high-voltage roentgen rays, or in other words one- 
half the erythema dose. She reported for a second course of roentgen treatments on 
June 3, 1932, and the roentgenologist, Dr. Desjardins, commented that little or 
nothing would bo accomplished by roentgen treatments of the blood vessels of the 
hands, but that it might be well to continue with the proposed plan. The patient 
again received roentgen treatments of one-lialf the erythema dose, but this time the 
treatment was applied to the cervicothoraeic region. She reported a third time, on 
July 1, and was given one-half of an erythema dose to the right hand. Subsequent 
follow-up studies showed that no improvement followed these roentgen treatments. 

Bilateral lumbar sympathetic ganglionectomy and trunk resection, including the 
second, third and fourth lumbar ganglions on both sides, was performed April 3, 
3£)o2. There was nothing unusual about the ganglion operation or abdominal ex- 
ploration. The patient’s convalescence was uneventful and the result was satis- 
factory. The skin over the feet and the legs up to the knees became warm and dry 
and appeared slightly more pink than that of a normal individual. The patient's 
symptoms affecting the feet disappeared. The patient was cured and has had no 
evidence of any return of her symptoms in the feet. The color changes of asphyxia, 
cyanosis, and rubor have never reappeared, regardless of exposure to cold and damp 
weather; they have not occurred when the feet have been immersed in ice water, nor 
have they occurred from psychic influences. 

The successful result of the lumbar sympathectomy encouraged one of the neuro- 


surgeons to advise and carry out cervicothoraeic sympathectomy, and this was per- 
formed September 24, 1032. Since difficulty was encountered at the time of opera- 
tion, and the operation was not made as complete as it usually is, I shall take the 
liberty of quoting from the surgical record, since the surgeon who operated on this 
patient anticipated an incomplete surgical result. The surgical approach was a 
posterior one through a midline incision in the skin from the spine of the sixth 
cervical vertebra to that of the third thoracic vertebra. The aponeurosis of the 
trapezius, rhomboid, and serrntus posterior muscles was reflected on both sides of the 
spinal column. The entrance on the right side into the postmediastinal space fol- 
lowed resection of a portion of what was supposed to be the first rib adjacent to and 
including the tip of the transverse process of the corresponding vertebra, but, instead, 
the entrance was through the second rib and exposure resulted in opening of the 
pleura. The opening was promptly closed by a stitch of catgut. The operation was 
continued. However, the entrance into the mediastinum by the way of the second rib 
not infrequently results in opening of the pleura, which can lie obviated by entering 
the mediastinum following resection of the first rib. Though the entrance through 
the second rib permits removal of the first and .second thoracic ganglions, it docs not 
alwavs permit removal of the lower cervical ganglion, the upper component of the 
stellate or does it allow for division and ligation of the superior intercostal artery 
S -ith" its accompanying rami or permit as thorough raniisection of the lower trunk 
f the brachial plexus ns is obtained by entrance into the postmediastinal space In- 
ti wav of the first rib. This situation developed in this particular case. 

At the same operation, following completion of the unsatisfactory sympathectomy 
• lit ecrv j co tliorHcic field, left rervi.-othorarb- sympathectomy was performed, 
" l the approach into the mediastinum through the space occupied by the re- 

emp ojing ^ t j |p jj rs f r ;|,_ The mental hazard of encountering difficulty on the 
sccted por ^ j pss limited the activities on the left side anil the surgeon was snt- 
rigiit seem t ] )p cervicothoraeic ganglion and intervening trunk without 

isfied to ’‘ em ° r ; 0 r intercostal artery or the rami accompanying it and the rami 
dividing t >e ■ ^ trunk of the brachial plexus from the second and third thoracic 

ascending to tne > 


ganglions 


on the left side. 





436 


SURGERY 


before lumbar sympathectomy. Accordingly, on March 23 the patient received on 
each hand 275 roentgen units of liigli-voltagc roentgen rays, or in other words one- 
half the erythema dose. She reported for a second course of roentgen treatments on 
.Tune 3, 1932, and the roentgenologist, Dr. Desjardins, commented that little or 
nothing would be accomplished by roentgen treatments of the blood vessels of the 
hands, but that it might be well to continue with the proposed plan. The patient 
again received roentgen treatments of one-half the erythema dose, but this time the 
treatment was applied to the cervieothoracic region. She reported a third time,- on 
July T, and was given one-half of an erythema dose to the right hand. Subsequent 
follow-up studies showed that no improvement followed these roentgen treatments. 

Bilateral lumbar sympathetic ganglionectomy and trunk resection, including the 
second, third and fourth lumbar ganglions on both sides, was performed April 1, 
3 932. There was nothing unusual about the ganglion operation or abdominal ex- 
ploration. The patient ’s convalescence was uneventful and the result was satis- 
factory. The skin over the feet and the legs up to the knees became warm and dry 
and appeared slightly more pink than that of a normal individual. The patient’s 
symptoms affecting the feet disappeared. The patient was cured and has lmd ,no 
evidence of any return of her symptoms in the feet. The color changes of asphyxia, 
cyanosis, and rubor have never reappeared, regardless of exposure to cold and damp 
weather; they have not occurred when the feet, have been immersed in ice wafer, nor 
have they occurred from psychic influences. 

The successful result of the lumbar sympathectomy encouraged one of the neuro- 
surgeons to advise and carry out cervieothoracic sympathectomy, and this was per- 
formed September 24, 1.032. Since difficulty was encountered at the time of opera- 
tion, and the operation was not made as complete as it usually is, I shall take the 
liberty of quoting from the surgical record, since the surgeon wiio operated on this 


patient anticipated an incomplete surgical result. The surgical approach was a 
posterior one through a midline incision in the skin from the spine of the sixth 
cervical vertebra to that of the third thoracic vertebra. The aponeurosis of the 
trapezius, rhomboid, and serratus posterior muscles was reflected on both sides of the 
spinal column. The entrance on the right side into the postmediastinal space fol- 
lowed resection of a portion of what was supposed to be the first rib adjacent to and 
including the tip of the transverse process of the corresponding vertebra, but, instead, 
the entrance was through the second rib and exposure resulted in opening of the 


pleura. The opening was promptly closed by a stitch of catgut. The operation was 
continued. However, the entrance into the mediastinum by the way of the second rib 
not infrequently results in opening of the pleura, which can be obviated by entering 
the mediastinum following respetion of the first rib. Though the entrance through 
the second rib permits removal of the first and second thoracic ganglions, it docs not 
always permit removal of the lower cervical ganglion, the upper component of the 
stellate or docs it allow for division and ligation of the superior intercostal artery 
* ' . ^ nccom panying rami or permit as thorough ramiseetion of the lower trunk 

\ brachial plexus as is obtained by entrance into the postmediastinal space by 
°f t te rac -j, This situation developed in this particular case. 

the wtiv oi 

.nine operation, following completion of the unsatisfactory sympathectomy 
At the same ( , 0 jj 10rn( .;,. field. left cervieothoracic sympathectomy was performed, 
in the right ter wc^ ( | u , lm ,aiastimim through the space occupied by the rc- 

cuiploying t it a I I r j|, q-|„. , m , n ial hazard of encountering difficulty on the 

sected portion o limited the activities on the left side and the surgeon was sat- 

riglit side more t)|( , ,. pr virothoracie ganglion and intervening trunk without 

isfied to remote . . ., r tery or the rami accompanying it and the rami 

dividing the superior ^ ( j )( , i, r . l( .l,ja) plexus from the second and third thoracic 
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ganglions on the leu 
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irregular sweating areas, more in number over the right hand than on (he left. 
Vasomotor studies were made and now demonstrated that definite changes in color 
could be obtained by the ice water and psychic tests, but the range of color differed 
from that prior to surgical interference, since it now extended from a mild pallor 
to rubor and back to normal, eliminating the cyanotic phase. The episode of color 
change and discomfort was much less, and the patient volunteered the opinion that 
the improvement at this time was equivalent to from a 50 to 75 per cent cure. 

The patient returned for another examination on November (i, 1933. (She lived 
but forty miles from the clinic and it therefore was rather convenient for her to re- 
turn for these numerous observations, and she was hoping for relief in lier hands 
equivalent to tire relief obtained in her feet following lumbar sympathectomy.) 
Numerous studies of temperature were made, the results of which are presented in 
chart form for the sake of clarity and brevity (Fig. 2). The patient reported on 
this visit that all the fingers of both hands had become cold rather easily, that the 
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mitted to cold atmospheric temperatures of zero weather, the individual 
with Raynaud’s disease who is suffering with chronic vasospasm will 
complain bitterly of pain in the fingers and hands and sooner or later 
develops ulcers on his finger tips, whereas the normal individual would 
experience but slight discomfort. 

Frequently we have seen patients suffering from mild Raynaud ’s 
disease improve when they have changed their vocation or worn heavier 
clothing, such as mittens and overshoes, or moved to a warmer elimate. 
Equally as often we have seen the disease develop in individuals living 
in extremely hot climates and seen it fail to improve in patients who 
have moved from colder to warmer climates, which compels us to con- 
clude that the cold temperatures only set up vasomotor reflexes that 
aggravate existing chronic vasospasm, and that the fault is due to some 
other eause than a peripheral one in the small arteries. The beneficial 
effects of changing one’s vocation and the amelioration of symptoms 
which result from the removal of annoying influences connected with 
the previous vocation or environment suggest that the causative factors 
may he of a psychic or a constitutional nature. The psychic or emo- 
tional influence is borne out still further by observing patients under 
different degrees of room temperature. The first meeting with the pa- 
tient in the office where the temperature is 72° F. or warmer, depending 
on the season of the year, invariably causes the patient’s hands or feet 
to undergo changes in color. Areas on one or more fingers will blanch, 
become blotchy, and present an area of asphyxia, with an alternating 
area of cyanosis. The process may shift from finger to finger, or include 
all the fingers and toes and even a good portion of the hands and feet. 
Repeated visits result in less emotional strain and in less pronounced 
changes in color. Excitement, however, and the meeting of new people, 
cause the symptoms to repeat their cycle. 

In our endeavor to relieve these patients of their symptoms, we have 
performed numerous tests, as have many other investigators, for the 
purpose of investigating and relieving the phenomena of vasospasm. 
The injection of a nerve with a local anesthetic agent, as Lewis 43 and 
Scott and Morton 35 have done, will produce complete vasodilatation of 
the digital arteries and the smaller arteries of the skin if the peripheral 
nerve selected carries all of the vasomotor fibers to the digit studied. 
Otherwise, the vasodilating effects and the thermal skin temperatures 
will not reveal the true results of nerve block or interruption of all vaso- 
constrictor impulses to the dermal field under study. An accurate way 
to determine the effects of a local anesthetic, 1 per cent procaine solu- 
tion, is to inject a ring of anesthesia about the base of a finger of a 
patient who is suffering from the typical color changes of Raynaud’s 
disease. One should wait until the fluid lias diffused and the finger be- 
comes completely anesthetized before carrying out tile tests. In (he 
fust place the skin temperature over tiie lip of the finger will record a 
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The wound was closed and the patient returned to her room. Within an hour 
following the return to her room, the patient was awake and rational and conversed 
uith me when I called on her before leaving the hospital. As I entered the room 
sho extended me her hand and said that her hands now felt like her feet, did ever since 
the first operation. On asking her what sort of feeling this was, she replied that 
the tightness or drawing sensation had disappeared. 

The patient 's convalescence was uneventful and postoperative results were ex- 
tremely satisfactory. Repeated examinations, which have carried her through the 
spring months of 1934 and the winter and spring months of 1935, have shown that 
the patient's symptoms in her hands have completely disappeared and have not 
returned since the last major and complete bilateral cervicothoracic sympathectomy 
(Fig. 2). The hands are warm, slightly pink, and dry. There has been no return 
of the symptoms of Raynaud 's disease, color changes, pain, or trophic disturbances. 
She reported that since this last operation she has been able to take part in winter 
sports, has gone out and deliberately shoveled snow in a snowstorm without any of 
the untoward results. Thermal studies reveal the continued increased skin tem- 
perature. Studies of the capillary loops at the nail folds still show them to be 
slightly enlarged, but they are much smaller than the dilated loops during the cyanotic 
stages and only slightly larger than normal capillar}' loops. The patient has in ad- 
dition to her vasomotor relaxation a definite bilateral Horner's syndrome, which is 
not conspicuous when it is bilateral and equal and which does not interfere with her 
vision. The retinal vessels showed a definite increase in the size or caliber following 
the successful sympathectomy, suggesting evidence that the postganglionic fibers 
carrying vasoconstrictor impulses have been interrupted. These fibers are included 
in the sympathectomy when attempting to denervate thoroughly the blood vessels 
of the arms and hands. There is present a moderate congestion of the mucous mem- 
branes of the nose and throat. The patient is conscious of this and at first thought 
she was catching a cold, but she was willing to accept the slight discomfort in lie" 
of the pain and disabling symptoms of Raynaud's disease. The postoperative 
studies 10 with thorotrast also revealed definite relaxation and an increase in the 
caliber of the terminal arteries to the digits and to the small arteries of the skin. 


The experience encountered in connection with the treatment of Ray- 
naud's disease in the lower and upper extremities suggests that the same 
disease affects both the upper and lower extremities, that the vasospasm 
is under a central control, which, if ablated by interrupting sympa- 
thetic pathways, will disappear, and that the disappearance of vaso- 
spasm results in a cure. This cure is effective only when the operation 
is extensive and complete and when fibers arc not overlooked. Similar 
orations are indicated in other diseases, such as thromboangiitis oblit- 
erans scleroderma, and rheumatoid arthritis, of the smaller joints, and 
V of the hands and feet when there exists a definite vasospastic 
fa'ctor and when the vascular study reveals a favorable skin temperature 

rise oil administration of protein. 
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mersed in ice water or exposed to cool atmospheric temperatures. It is 
also observed that the psychic influence producing changes in color has 
also been lost during the height of fever. The fever reaction, however, 
must be a brisk one of at least a rise in temperature of 3 to 4° C., by 
mouth, in order to produce a thorough vasodilating effect. 

The vasodilatation effect relieves the patient of all symptoms. Sur- 
geons have therefore tried to reproduce these same effects. We have 
learned that if it were possible to raise the skin temperature of the 
affected digits to a degree at least twice as high as the rise of the 
mouth temperature, by the administration of protein, we could expect 
the same symptomatic relief as is obtained by the fever test or vaccine 
treatment. 

CHOICE OF OPERATIVE MEASURES 

I hope it is clearly understood that I never advise or perform sympa- 
thectomy in a ease in which the disease is mild or is readily conti'olled 
by medical management. It is performed only when the disease is pro- 
gressing in spite of medical measures, and when the vasodilating tests, 
preferably the fever tests, indicate a favorable dermal rise in tempera- 
ture, on the theory that the increased skin temperature is a definite 
expression of increased blood flow due to vasodilatation from relaxation 
of arterial spasm. 

The earlier investigators attempted to produce the vasodilating effect* 
by periarterial sympathectomy. The operative results were incomplete, 
hut the conception propounded by Lerielie and Fontaine 42 of paralyzing 
the vasomotor control to peripheral arteries has been repeatedly verified. 
Hoyle’s 54 ramisection represents another step in the surgical develop- 
ment. Though his operation was more extensive in scope than peri- 
arterial sympathectomy, it did not originally include sufficient rami to 
denervate thoroughly the vessels to an extremity. It was for that reason 
that I suggested and performed extensive forms of sympathetic gangli- 
oneetomy and trunk resection with the hope of thoroughly interrupting 
the impulses of vasoconstriction. 

The bilateral lumbar sympathetic ganglioneetomy which includes the 
second, third, and fourth lumbar ganglions on both sides, with the inter- 
vening trunks, interrupts all vasoconstrictor impulses leaving the lower 
end of the thoracolumbar outflow to the feet and lower part of the 
legs. 34 Simple division of the lumbar sympathetic trunk below the 
second lumbar ganglion would lie sufficient if the distribution of fibers 
were constant, but since some may descend from higher ganglions and 
escape the trunk below the second ganglion, it becomes necessary- to 
e:m-y out more extensive operation to interrupt thoroughly postgangli- 
onic rami carrying vasoconstrictor impulses. 

In nonocclusive diseases like Raynaud's disease, the skin temperature 
promptly increases following sympathectomy. The rise immediately 
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3 to 10° C. rise over tiie dermal temperatures taken prior to the injec- 
tion. The skin of this finger will not change color as it does on the other 
fingers of the same hand when immersed in ice water. It no longer 
reacts to emotional stimuli like its fellow fingers. Thus it appears that 
not only the autonomic reflex arc has been broken by the anesthetic, but 
that the central impulses initiated by psychic factors are also blocked. 
This suggests that the mechanism of vasospasm of digital arteries and 
terminal arteries in the skin is not confined to a peculiarity or fault in 
the artery, but that it is controlled by a central mechanism and is 
modified by the dermal reflex. 

Numerous similar local and general tests have been employed to detei 1 - 
mine the degree of existing vasospasm and whether it was possible to 
relieve this vasospasm to justify surgical measures for interrupting the 
sympathetic pathways. The simplest tests consist of comparing the 
dermal temperatures over the digits before and after the body has been 
warmly covered. 10 The increase in skin temperature records in a gen- 
eral way the increased flow of blood to a digit or extremity. The cover- 
ing tests, however, are not very accurate as they do not alwaj's release 
the psychic factors. Local or regional anesthetic blocks are probably 
the most accurate tests employed if the investigator makes sure that the 
dermal area to be studied is thoroughly deprived of all vasoconstrictor 
impulses without infiltrating that area. Patients dislike multiple injec- 
tions, however, and this test therefore fails to meet all the demands. 
The administration of 2 ounces (60 c.c.) of alcohol by mouth produces 


a sharp vasodilating effect, but it, too, is not as reliable as the effects 
produced by intravenous injection of a foreign protein. The dose and 
method used depend on the nature of the substance, the size of the pa- 


tient, and the reaction desired. An average dose is Lilly’s antigen H- 
or Ledcrle’s triple typhoid vaccine of 25,000,000 to 75,0 00,000 bacteria. 
A chill may precede the rise in body temperature, but, if it does, it is of 
short duration and the investigator will be assured of a maximal rise 
in temperature within three to four hours after the injection. Again, 
numerous procedures and devices, such as oscillometry, calorimetric 
studies observation of blood flow in the capillaries in the nail fold, and 
t mper’ature studies of the skin over the various digits are employed to 
C 1 late the changes in blood flow produced by induced fever. As 
Cfl CU ' l - stated, the fever is a manifestation of increased metabolism, 
previous J - • ’ b Ij results in beat production. Thus, the heat- 
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constrictor impulses and consequently have been divided. I am inclined 
to believe that the vasodilating mechanism is one of inhibition of the 
autonomic centers, a phenomenon we reproduce by sectioning sympa- 
thetic pathways in interrupting vasoconstrictor impulses to the arteries, 
capillaries, and veins. I believe these postoperative observations sup- 
port most strongly the theory that exaggerated vasospasm, vasospasm of 
such a character as to interfere with the blood supply of tissues, is a fault 
of the central mechanism, and that the postganglionic rami convey such 
vasoconstrictor impulses to all arteries, but that disease results only 
when the smaller arteries are affected. 

This opinion is further supported by experiences observed in con- 
nection with the development of operations on the sympathetic nerves 
to the vessels of the upper extremities. Several of the earlier opera- 
tions were incomplete and, consequently, the results were incomplete. 
At that time this suggested that perhaps Raynaud’s disease of the hands 
was different from that of the feet. As I changed the operative ap- 
proaches and increased the scope of the surgical field to assure com- 
plete interruption of all sympathetic rami carrying vasoconstrictor im- 
pulses to the vessels of the hands, the same satisfactory results obtained 
following lumbar sympathectomy were reproduced in the hands. The 
real test came, however, when I operated again in those cases in which 
I and others had failed to give complete relief by incomplete sympa- 
thectomy. The case reported, with its multiple operations, is one of 
several which supplies the evidence that if the surgeon overlooks fibers 
or carries out a limited operation on the cervicothoracic ganglions, 
trunks, and rami, incomplete results will follow, and that complete ex- 
tensive operations will give satisfactory results. I have had failures 
following cervicothoracic sympathectomy, but they have not occurred 
of late when I have done a complete operation unless there was an ad- 
vanced coexisting scleroderma or extensive trophic changes. These 
trophic changes produce strangulation and thrombosis of the distal por- 
tions of the smaller arteries, to such an extent that vasodilating pro- 
cedures are ineffective since the few remaining arteries are either unable 
to dilate or are too few in number to increase the blood supply suffi- 
ciently to bring about restitution of the tissues. In the earlier phases 
of this typo of surgery we had to learn by trial and error, but today we 
rely on vasomotor studies, as we learned that those who respond 
favorably to fever therapy will respond favorably to properly planned 
and executed forms of sympathectomy. 

ESSENTIAL HYPERHIDROSIS 

Of interest is that small group of individuals who have such exces- 
sive perspiration of the hands, and occasionally of the arms, face, and 
feet, that it interferes with their economic and social existence. It pre- 
vents them from working on books and from handling fine fabrics, and 
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after operation is as high as that produced by fever from administration 
of protein. In two or three da3's it falls, with the cessation of post- 
operative fever, to a level of 1° to 3° C. below the high point during the 
fever studies. It remains there indefinitely, for Brown and his staff 
have reehecked these patients again and again at varying intervals fol- 
lowing operation. Environmental temperatures influence the sympa- 
thectomized area less than they do normal skin, but, to assure constant 
readings, an air-conditioned room is necessary for temperature studies. 
We also prefer to use an eleetrothermoeouplc, with numerous electrodes, 
which can be taped to the finger tips and to other areas of skin without 
moving or disturbing them throughout the test. These readings not 
only give information concerning the general vasodilating effects, but 
indicate the status of individual digits. In cases in which the skin 
temperature fails to rise under fever studies, it will likewise fail to rise 
following sympathectomy and the patients will fail to receive the bene- 
ficial effects of the operation. 

Postoperative observation of the feet reveals that the skin is much 
warmer than that of the nonsympatheetomized area over the hands. It 
is dry and does not sweat since the sympathetic fibers to the sebaceous 
and sweat glands have also been divided in the lumbar sympathectomy 


as they intermingle, and they are so closely associated with those carry- 
ing vasomotor impulses that it is impossible to separate them. The skin 
is slightly pinker in color than normal skin. Microscopic observation 
of the capillary loops at the nail folds reveals that the loops that were 
dilated before operation have returned to normal size and that the 
corpuscles are passing through at a greater rate of speed than they did 
when the skin was in the state of asphyxia or cyanosis. Prolonged and 
marked cyanosis results in some permanent change in the capillary loops. 
In those instances they will contract some, but are unable to return to 
normal size, which explains the phenomenon of the appearance in a few 
cases of bright red finger tips following sympathectomy. 


The four most interesting observations following sympathectomy are: 
(1) failure of the skin to undergo changes in color during exposure to 
ice water or to cool temperatures, (2) its failure to repeat color changes 
hen the patient becomes excited or is under emotional stress, (3) relief 
\ ]oCal pa j n an d recovery of trophic changes, and (4) the measurements 

0 , '. ar t er ies and veins before and after successful ccrvicotlioraeie 

01 rG mm'dioneefomy and trunk resection reveal an actual in- 

sympa fljamctc 'j. ; following the operation, of one-fourth to one-half of 
crease It n ‘ ovma j vessel. Following successful ccrvieoflioracic svinpa- 
that o a u ‘ . enfs aJ . c n0 ] 0I1 ger able to blush when embarrassed, 
thectonp, 1 ‘ su(rn , ests one of several possibilities: first, the lack of 

which phenom ■ " rocc ], an j sm ; second, the absence of antidromic 
a definite vaso ^ scnsorj . peripheral spinal nerve, and third, that 

vasodilator fi icrs j m p U j ses travel with those that carry vnso- 

fibers carrying ■'.as 



ADSON: ABLATION OF THE AUTONOMIC CENTRAL INFLUENCE 449 


two stages, and there are two separate incisions. It consists of sub- 
diaphragmatic, retroperitoneal exposure and resection of all splanchnic 
trunks as they perforate the diaphragm to enter the abdominal cavity, 
and removal of the first and second lumbar sympathetic ganglions to 
interrupt thoroughly the last two white rami of the thoracolumbar out- 
flow and to permit exploration or resection of the suprarenal gland. 25 
At this later operation all sympathetic rami below the diaphragm are 
sectioned except for an occasional fiber that follows the aorta through 
the diaphragm. It permits thorough denervation of the suprarenal 
gland by sectioning the rami at their source before entering the capsule. 

The clinieophysiologie observations 33 following these two extensive 
forms of sympathectomy are very similar. The patients are relieved 
of headache and precordial distress. They feel more comfortable ; how- 
ever, they have lost some of their drive or endurance. Their blood pres- 
sure, immediately following operation, will often drop as much as 100 
mm. Hg under the preoperative readings, but as the patients convalesce 
and are able to be up and about, it gradually rises to a constant mean 
curve which has a systolic drop of 44 mm. and a diastolic drop of 38 
mm. Following rhizotomy, the abdominal muscles are paralyzed. This 
accounts for the sagging of abdominal muscles which has to be corrected 
by an abdominal binder. In some instances the systolic blood pressure 
has dropped below 100 mm. when the abdominal binder was removed 
and the patient was in the upright position. These extensive forms of 
sympathectomy result in vasodilatation and in increased skin tempera- 
tures of the feet, legs, and body below a transverse line placed midway 
between the ensiform cartilage and umbilicus. The cessation of sweat- 
ing begins at the same line and extends to the feet. The urogenital 
mechanism of ejaculation is lost, but. the libido and potentia are pre- 
served in males. These is no pathologic disturbance in the retention or 
evacuation of urinary or fecal contents. However, in light of our ex- 
periences with the treatment of Hirschsprung’s disease and cord blad- 
der, I would be inclined to expect evacuations to be more frequent after 
operation than they were before. The operation has not disturbed the 
menstrual cycle. None of the females lias desired pregnancy so I am 
unable to state whether or not the operation would interfere with a 
normal one. I am inclined to think it would not, since the effect is 
similar to presacral neurectomy, which has not prevented nor disturbed 
normal pregnancy. Men, of course, become sterile unless there should 

>e a spontaneous seepage of seminal fluid, since there is no ejaculation 
with the orgasm. 
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also ruins their clothing, gloves and shoes. Those who are more timid 
are constantly embarrassed in meeting strangers or in associating with 
the opposite sex since their hands are always dripping wet. Inasmuch 
as the sudomotor fibers were included in the various types of sympa- 
thectomy designed to relieve vasomotor spasm, it became apparent that 
the same operation could be employed to correct hyperhidrosis. The 
result, is extremely satisfactory since the skin promptly becomes dry and 
remains so permanently. Excessive perspiration accompanies vasomotor 
reactions which manifest themselves in cool or hot., wet hands. At no 
time have the color phases become as marked as to resemble true Ray- 
naud’s disease. However, excessive moisture on the skin is frequently 
present with symptoms of Raynaud’s disease, but it is never so exces- 
sive that it drips from the fingers or toes as it does in essential hyper- 
hidrosis. 

An unusual observation is that perspiration will be. increased over the 
trunk (the chest, back, and abdomen) following bilateral ccrvicothoracic 
sympathectomy, and especially so if the patient, has also undergone 
bilateral lumbar sympathectomy, regardless of the disease for which 
these operations were performed. The increase of perspiration in non- 
sympathectomized areas appears to be a compensating phenomenon of 
the heat-regulating mechanism, signifying a central control of the sudo- 
motor fibers. 

Clinically, this excessive perspiration about the chest is cared for by 
encouraging the patients to wear a sleeveless silk and wool undershirt, 
which is changed daily. This wool garment absorbs the perspiration 
and does not produce the cold and wet sensations that cotton or silk 
garments do. 

ESSENTIAL HYPERTENSION 

In our surgical attack on essential hypertension I have employed two 
somewhat different but extensive forms of sympathectomy. The rationale 
of such operations 7 ’ 23 ’ 47 ’ 40 is to remove the vasomotor control from a 
larn-e vascular bed, thus creating a reservoir in the denervated vessels 
when the nonsympathectomized vessels go into spasm 20 likewise support 
the theory of central control. The suprarenal gland is likewise thor- 
'crhlv denervated, since its innervation is interrupted at its source. 
The one operation consists of bilateral ventral root rhizotomy , 43 from 
l °sixth thoracic to the second lumbar vertebrae, inclusive. The opera- 
• S | X been effective in controlling and in relieving the symptoms of 
t 10 n sas rtension j n younger individuals in whom there has been 
essen m . j| ama g C to the cardiovascular-renal systems. This pro- 
110 permane “ major operation and one that does not allow ex- 
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operation, v nC ' ' cimra renal glands. The operation is divided into 
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tivo stages, and there are two separate incisions. It consists of sub- 
diaphragmatie, retroperitoneal exposure and resection of all splanchnic 
trunks as they perforate the diaphragm to enter the abdominal cavity, 
and removal of the first and second lumbar sympathetic ganglions to 
interrupt thoroughly the last two white rami of the thoracolumbar out- 
flow and to permit exploration or resection of the suprarenal gland.- 5 
At this later operation all sympathetic rami below the diaphragm are 
sectioned except for an occasional fiber that follows the aorta through 
the diaphragm. It permits thorough denervation of the suprarenal 
gland by sectioning the rami at their source before entering the capsule. 

The clinieophysiologie observations 33 following these two extensive 
forms of sympathectomy are very similar. The patients are relieved 
of headache and preeordial distress. They feel more comfortable ; how- 
ever, they have lost some of their drive or endurance. Their blood pres- 
sure, immediately following operation, will often drop as much as 100 
mm. Hg under the preoperative readings, but as the patients convalesce 
and are able to be up and about. It gradually rises to a constant mean 
curve which has a systolic drop of 44 mm. and a diastolic drop of 38 
mm. Following rhizotomy, the abdominal muscles are paralyzed. This 
accounts for the sagging of abdominal muscles which has to be corrected 
by an abdominal binder. In some instances the systolic blood pressure 
has dropped below 100 mm. when the abdominal binder was removed 
and the patient was in the upright, position. These extensive forms of 
sympathectomy result in vasodilatation and in increased skin tempera- 
tures of the feet, legs, and body below a transverse line placed midway 
between tire ensiform cartilage and umbilicus. The cessation of sweat- 
ing begins at the same line and extends to the feet. The urogenital 
mechanism of ejaculation is lost, but the libido and potentia are pre- 
served in males. These is no pathologic disturbance in the retention or 
evacuation of urinary or fecal contents. However, in light of our ex- 
periences with the treatment of Hirschsprung's disease and cord blad- 
der, I would be inclined to expect evacuations to be more frequent after 
operation than they were before. The operation has not disturbed the 
menstrual eycle. None of the females has desired pregnancy so I am 
unable to state whether or not the operation would interfere with a 
normal one. I am inclined to think it would not, since the effect is 
similar to presaeval neurectomy, which has not prevented nor disturbed 
normal pregnancy. Men, of course, become sterile unless there should 
be a spontaneous seepage of seminal fluid, since there is no ejaculation 
with the orgasm. 

congenital megacolox and bladder paralysis 

Iho faclots producing, and the results obtained by sympathectomy in 
co, ?^nital megacolon , 3 ' 3e - *'• se congenital bladder 
p.u.i \sis an paralysis of the bladder resulting from injury to the 
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sacral center of the spinal cord or fibers making up the parasympathetic 
nervous system, support the theory that a central mechanism controls 
and coordinates the antagonistic forces of retention and evacuation of 
urinary and fecal contents. The sympathetic nervous system supplies 
the inhibitory stimuli of retention by inhibiting the detrusor muscle of 
the bladder 27 ’ 41 and the musculature of the descending colon and rectum 
and by supplying motor stimuli of contraction to the internal sphincters 
of the bladder and rectum. The parasympathetic system, through Ihc 
second, third, and fourth visceral sacral nerves, supplies the reciprocal 
antagonistic innervation, that of motor contraction of the detrusor mus- 
cle and musculature of the lower descending colon and rectum with 
inhibitory stimuli to the internal sphincters of the bladder and rectum. 
The sympathetic fibers further innervate the lower portion of the ureters 
and sphincters and smooth musculature of the mechanism of ejacula- 
tion in males in the urogenital trigone. 

Musculature imbalances should result from both increased or de- 
creased stimuli of either nervous system. The fault therefore might be 
due to one of two causes: first, because the stimuli of retention over- 
powered those of evacuation, and second, because stimuli of evacuation 
were fewer and of less force than those of retention. Congenital mega- 


colon apparently results from excessive stimuli through the sympathetic 
nervous system rather than to diminished stimuli in the parasympathetic 
system, for the symptoms of excessive fecal retention can be controlled 
and relieved by properly planned sympathetic operations which reduce 
the number of incoming stimuli. We have observed that the operations 
which have proved most effective in the treatment of Hirschsprung’s 


disease are not the small, limited types of sympathectomy but are those 
that include most or all the fibers to the lower portion of the descend- 
ing- colon and sphincter of the anus. Such procedures may vary from 
bilateral lumbar sympathectomy, including the second, third, and fourth 
lumbar ganglions, or presaeral nerve resection 8 with division of the 
inferior mesenteric nerves, to a combination of bilateral lumbar sym- 
pathectomy with presaeral resection as performed by me, or a combina- 
tion of bilateral lumbar sympathectomy with presaeral neurectomy and 
V -ision of the sympathetic fibers accompanying the interim’ mesenteric 

arterv, as employed by Craig and me. 

‘ lodygplasia of the sacral cord, traumatic myelitis of the lower tiio- 
\ je i-il cord spina bifida occulta, and intraspinal tumors in the 
* area can readily impair the parasympathetic spinal center or the 
sam ® ‘ ' ts carrying parnsym pathetic impulses. When this occurs, it is 
filler iaa ‘ ( j' ip evacuating force of both urinary and fecal functions 
apparen n ^ ^ overpowered by what may be a normal retaining 
will be ^° C - therefore, in such cases that the surgeon attempts to reduce 
force. 1 ’sympathetic pathways that carry impulses of re- 

stiinuli IP t j ie weakened force of evacuation will be able to 
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reciprocate with, that of retention. Excessive parasympathetic stimuli 
or decreased sympathetic stimuli should produce the opposite effects of 
Hirschsprung’s disease and cord bladder. Clinical investigations, how- 
ever, have not verified these facts, nor have 'the surgeons contributed 
definite evidence in the treatment of chronic noninfectious diarrheas or 
spastic colitis. 

I believe that all these observations support the theory that autonomic 
dysfunctions may be initiated in the cerebral centers, and that patho- 
logic stimuli are transmitted over tracts, ganglions, and rami to the 
visceral organs and somatic segments. 

One could go on at length discussing the factors responsible for the 
numerous and individual diseases. I believe, however, the recorded 
observations justify the surgeon to employ properly planned sympa- 
thectomies in selected cases for the purpose of removing excessive auto- 
nomic stimuli in order to balance reciprocal involuntary functions. 
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sacral center of the spinal cord or fibers making np the parasympathetic 
nervous system, support the theory that a central mechanism controls 
and coordinates the antagonistic forces of retention and evacuation of 
urinary and fecal contents. The sympathetic nervous system supplies 
the inhibitory stimuli of retention by inhibiting the detrusor muscle of 
the bladder 27 - 41 and the musculature of the descending colon and rectum 
and by supplying motor stimuli of contraction to the internal sphincters 
of the bladder and rectum. The parasympathetic system, through the. 
second, third, and fourth visceral sacral nerves, supplies the reciprocal 
antagonistic innervation, that of motor contraction of the detrusor mus- 
cle and musculature of the lower descending colon and rectum with 
inhibitory stimuli to the internal sphincters of the bladder and rectum. 
The sympathetic fiber's further innervate the lower portion of the ureters 
and sphincters and smooth musculature of the mechanism of ejacula- 
tion in males in the urogenital trigone. 

Musculature imbalances should result from both increased or de- 
creased stimuli of either nervous system. The fault therefore might be 
due to one of two causes: first, because the stimuli of retention over- 
powered those of evacuation, and second, because stimuli of evacuation 
were fewer and of less force than those of retention. Congenital mega- 
colon apparently results from excessive stimuli through the sympathetic 
nervous system rather than to diminished stimuli in the parasympathetic 
system, for the symptoms of excessive fecal retention can he controlled 
and relieved by properly planned sympathetic operations which reduce 
the number of incoming stimuli. We have observed that the operations 
which have proved most effective in the treatment of Hirschsprung’s 
disease are not the small, limited types of sympathectomy but are those 
that include most or all the fibers to the lower portion of the dcseend- 
i no . co i on and sphincter of the anus. Such procedures may vary from 
bilateral lumbar sympathectomy, including the second, third, and fourth 
lumbar ganglions, or presacrnl nerve resection 8 with division of the 
inferior mesenteric nerves, to a combination of bilateral lumbar sym- 
pathectomy with presacral resection as performed by me, or a combina- 
tion of bilateral lumbar sympathectomy with presacral neurectomy and 
. . 0 £ j ] 10 sympathetic fibers accompanying flic interim’ mesenteric 

arterv, as employed by Craig and me. 

’ Mvelodvsplasia of the sacral cord, traumatic myelitis of the lower tho- 
*y ’ i pol . ( ] spina bifida occulta, and intraspinal tumors in the 

. ea can readily impair the parasympathetic spinal center or the 

same ai < ^ ^ p ar;1 . sympathetic impulses. When this occurs, it is 

fibci * iae ^' 1C , cv acuating force of both urinary and fecal functions 
apparent w ^ })c over p 0 wered by what may be a normal retaining 
will be re uc jn KUC j, eases that the surgeon attempts to reduce 

force. It 1S > ’■ 0Ilins sympathetic pathways that carry impulses of re- 
stimuli b} s , , .i, c weakened force of evacuation will be able to 
tention, in order that 
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internal mammary vessels and in the axilla. Irradiation given in this 
manner is certainly more effective than where the filtration effects of 
skin have to be surmounted. 

We have had no cases of pneumonitis resulting from this method of 
radium irradiation. 

We have not been able to demonstrate that there is any interference 
with wound healing. 

We feel that the very occasional occurrence of swelling of the arm 
following such radical operations and irradiation is due to a low grade 
infection in the axilla preventing the redevelopment of lymphatics, 
rather than in any way connected with the irradiation. In fact, our 
percentage of such occurrences is less than before we started irradiation. 

The free and early use of the arm lias contributed much to the com- 
fort of the patient, and, perhaps, by muscular contraction lias stimu- 
lated regeneration of the lymphatics. 

The postoperative irradiation is started in about ten days, and great 
eare is taken to be certain that the radiologist realizes the danger in- 
herent to the employment of the high voltage machines now in use. I 
am confident that with the advent of so many high voltage machines, 
there will probably be an increase in the percentage of cases of exten- 
sive burns and pneumonitis. Surgeons should cooperate with the 
radiologists in trying to prevent such a situation from occurring. 

If the patient lias not passed the menopause, sterilization is done by 
irradiation of the pelvis. If there is any doubt concerning the propriety 
of this procedure, one can be convinced easily by a visit to the Memorial 
Hospital in New York. There he will see roentgenograms of two eases 
with the thorax filled with metastases (or something that looks like such) 
following eases of carcinoma o[ tiie breast. In these two cases, these 
shadows in the lungs have disappeared after irradiation of the ovaries. 
I' or some years we have noticed an apparent decrease in the size of 
inoperable cancers in the breast after irradiating metastatic involve- 
ments in the pelvis, and perhaps this is the result of some action of the 
x-rays on the ovaries, with the subsequent development of defensive 
hormones. 


There is a very hopeful field of investigation in the prophylaxis of 
cancer of the breast by the proper correction of pelvic disorders and 
effective support of the breast, as well as a study of the hormones. A 
consideration of such fields leads beyond the scope of this editorial. 


\\ c have never seen a ease of a true metastasis “cured'’ by irradia- 
t urn. W e have all seen many cases, however, in which the pain has been 
greatly relieved by irradiation. 


I think we can correctly conclude that there is no conflict between 
irradiation and surgery. Further, that the chief hope of a cure of can- 
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Irradiation and Surgery in Treatment of Cancer of the Breast 

T HERE are many controversial questions concerning the relative im- 
portance of irradiation and of surgery in the treatment of cancer 
of the breast. However, one fact seems to be definite^ determined, after 
years of discussion, and that is that no form of irradiation lias a re- 
placement value to surgery except as a palliative measure in the hope- 
lessly inoperable eases and for the treatment of local recurrences. 

Irradiation has also very definitely demonstrated that by Hs employ- 
ment, local recurrences have been markedly reduced. However, this re- 
duction in the percentage of local recurrences is no excuse for derelic- 
tion on the part of the surgeon in not performing as complete and as 
radical eradication of the malignancy as it is possible to do by a “block 
dissection” carried as far as anatomic limitations will permit. The 
preoperative employment of irradiation is, perhaps, of greater value 
than postoperative irradiation. However, preoperative irradiation car- 
ries with it certain dangers, one of which is the failure of the patient 
to return on a specified date for the operation. Patients sometimes delay 
their returning because, at first, their local condition has improved. 
They then further delay their return, still hoping for a continuation of 
their improvement, but unfortunately, until a time when the cancer has 
extended beyond the reach of surgery and irradiation. This is, of 
course, a defect in the “follow-up” system, and not of the preoperative 
irradiation, but is mentioned as a warning to others not to allow a 
similar calamity to occur in their practice. 

After the proper preoperative irradiation has been completed, an 
iteration of the Halstcd type should be done. For many years we have 
1 , practice of washing out the operative field with hot normal saline 
‘ 1 ‘ Thc so l u tion is just about as hot as the hand can comfortably 
S ° burning. The field of operation is “flushed out” so as 

Stan 1 nut anv small clots of blood or possible malignant cells that 
t0 Tvvcsent In addition to this, it is conceivable that the heat 

might bC 1 _ ' inccr ee ]i s if any happen to have been “squeezed out 

might kill sc ' ‘ Q ont ] e handling of the breast is essential to pre 

during the t ^ ont „ nc eiflcnf. Such cancer cells have very 

vent such a _ 1 {q evcn r ' a moderately high degree of beat, 
little rests an ^ ^ are 0 ] 0Sf -«I, radium element, properly screened. 

Before the flaps^- s ^^ ^ operation, especially in the region of the 




EDITORIALS 


457 


caloric, salt, and fluid needs as before operation. All of the wounds 
healed without infection or rupture : a tribute to asepsis, the method of 
suturing, and the physiologic state of the infants’ tissues. 

Every physician whose infant patient has been operated upon for a 
gastrointestinal obstruction will realize the significance of a record of 
eleven such cases. This is not luck, but the result of years of develop- 
ment in pediatric and surgical care. And, after all, there is nothing 
excessively difficult in the technic and the principles underlying it. 
Morton 3 has discussed them in detail in a previous article devoted to 
surgery in infancy and in old age. 

The surgeon who operates successfully on sick infants is forced to 
adhere to a program which is physiologically and surgically nearly per- 
fect. It is not out of place to suggest that the surgeon who operates 
on adults can use these principles to the great advantage of his patients, 
particularly those whose margins of safety are narrow, as they are in 
infancy. 
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cer of the breast is still dependent on the radical operation, but that 
irradiation is an added safeguard when administered properly and in 
intelligent hands. 

—Hugh II. Trout , M.D. 
Itoanoke, Ya. 


Congenital Obstruction of the Small Intestine 

O NLY a few years ago, pediatricians and surgeons expressed little 
hope of a successful outcome in any except isolated cases of con- 
genital intestinal obstruction, but recently evidences of improvement in 
the management of acutely ill infants have multiplied, and it seems 
established that the mortality rate in these small 'patients need be very 
little greater than in older children and adults if the proper precautions 
are taken. 

The transition from the older pessimism to the newer optimism is en- 
compassed in a report by Ladd 1 on the cases of congenital obstruction 
of the small intestine which occurred in the Children’s Hospital in Bos- 
ton over a period of years up to 1933. Up to the time of Ladd’s article 
there were only twenty-nine cases reported — from a literature replete 
with autopsy descriptions and operative failures — in which recovery 
had occurred following operations for malrotation, atresia, or stenosis 
of the small bowel in infants and children up to the age of twelve years. 
In Ladd’s series there were sixty cases with seventeen survivals. 

No more eloquent evidence of this advance in pediatric and surgical 
technic has been forthcoming than the recent report by Morton and 
Jones 2 of eleven consecutive successful operations on newborn infants 
with congenital obstruction of the duodenum or jejunum. 

The babies all bad anomalies which, from the day of birth, upset their 
caloric, water, and salt balance in various degrees. The pediatricians 
were alert The early vomiting of congenital obstruction was dis- 
t burnished from that of pyloric stenosis, which almost always comes on 
•liter a normal period of two weeks or more. The necessity for surgical 
intervention was recognized promptly. By judicious use of roentgeno- 
1 - • stlI jj es with barium, accurate diagnoses were made, ami bv 

wUiwent administration of blood, dextrose and other fluids, the in- 
” UC Y brought to a near physiologic normal and were ready for 
fants vei ^ ec j mic used would have delighted Hoisted. Unhurried 

operation. possible by skillfully administered ether anesthesia, 

gentleness ( nia ^ allow relaxation), retention of body heat, careful 
just heav} ° n °^ ina t 0]n j c HU nubig of intestinal and abdominal layers 
hemostasis, am ,l ‘ brought the babies from the operating table 

with fine inten up ej ^ as a j the start of the procedures. Feedings 
in a coudltI011 l |„u”t immediately and care was taken to provide for 
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caloric, salt, and fluid needs as before operation. All of the wounds 
healed without infection or rupture : a tribute to asepsis, the method of 
suturing, and the physiologic state of the infants’ tissues. 

Every physician whose infant patient has been operated upon for a 
gastrointestinal obstruction will realize the significance of a record of 
eleven such cases. This is not luck, but the result of years of develop- 
ment in pediatric and surgical care. And, after all, there is nothing 
excessively difficult in the technic and the principles underlying it. 
Morton 3 has discussed them in detail in a previous article devoted to 
surgery in infancy and in old age. 

The surgeon who operates successfully on sick infants is forced to 
adhere to a program which is physiologically and surgically nearly per- 
fect. It is not out of place to suggest that the surgeon who operates 
on adults can use these principles to the great advantage of his patients, 
particularly those whose margins of safety are narrow, as they are in 
infancy. 
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Sterilization of the air in the operating room has been attempted as 
the most logical solution to the problem of air-borne wound contamina- 
tion by Gudin 5 in Rio de Janeiro and Hart 4 in this country. 

Gudin 5 has attempted sterilization of the air in the operating room 
with formaldehyde. The operating room is sealed, and formaldehyde is 
blown into the room. The formaldehyde is then neutralized with am- 
monia. Finally, the air is filtered through a solution of tartaric acid 
which x-emoves the product of the combination of formaldehyde and 
ammonia (urotropin) and the excess ammonia. Surgeon and patient 
pass through two or three air-tight sterilized compartments before enter- 
ing the operating room. In their hands, a noteworthy diminution of in- 
fection in clean operative wounds was noted. Theoretically, it would 
appear that the method, though laborious, would be effective in the pres- 
ence of adequate masking of the mouth aixd nose. 

In the absence of an ideal surgieal mask, Hart turned, in 1934, to 
the use of radiant energy as the most logical method of continuous steril- 
ization of the air in the operating room. The radiant energy is supplied 
by a battery of tubes suspended over the operating table producing 
radiations in the ultraviolet spectrum of the most effective bactericidal 
wave lengths. Radiation is used constantly before and during the course 
of the operation. He found that such a battery of radiation destroyed 
m 60 seconds the hemolytic Staphylococcus aureus when lightly sprayed 
on an agar plate and placed within a radius of five feet of the source of 
radiation. Agar plates exposed in the unradiated operating room often 
picked up as many as 150 bacteria in one hour’s time, while plates ex- 
posed within 6 to 8 feet of the radiation tubes during operation in the 
presence of the radiation showed a 95 per cent reduction of this con- 
tamination. Working xxnder this radiation it is necessary for the 
operating room staff to protect their eyes and skin from the effect of the 
radiations. Clinically, in eighteen thoracoplasties performed under the 
bactericidal radiation, Hart 4 found that none of the wounds became 
infected, that the postoperative temperature elevation was lower and of 
shorter duration, and that there was less postoperative discomfort in the 
wound, more rapid wound healing, and quicker return to the preopera- 
tive general condition. More recently 15 he has reported a series of 
218 cases including herniotomies, thyroidectomies, thoracoplasties, and 
ladical mastectomies with similar results, and concludes that continuous 
i addition of the operating room represents the only means now at hand 
to obtain and maintain sterility of the air in the operating room. 


TREATMENT of staphylococcus infections 

The demonstration that the staphylococcus produces a hemolytic 

a-bbT-imi a,Kl ncei '°tizing exotoxin which is highly antigenic and to 

lionized nor a " d Pnssivc immuuU >' can be developed in man lias revolu- 
tion, zed our concept of staphylococcus infections. During the past six 
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years, mainly as a result of the work of Parker , 36 Burnet , 17 and Dolman, 1 * 
it lias; been demonstrated that most strains of staphylococci under 
appropriate conditions produce active exotoxins. This toxin has been 
shown to be the cause of the main features of the lesions in all types 
of staphylococcus infection. From the pooled toxins of various potent 
strains of staphylococci, an innocuous antigen has been obtained by 
incubating with formaldehyde. This formalized toxin (staphylococcus 
toxoid) has proved a valuable antigen for use in active immunization 
of patients with minor staphylococcus infections and for the production 
of an antitoxic serum for patients with severe infections, notably those 
in which a staphylococcus bacteriemia is present. 

Staphylococcus toxoid has been used to induce active immuniza- 
tion in minor staphylococcus infections by numerous authors . 30 Re- 
current furunculosis, chronic osteomyelitis, acne vulgaris, staphylo- 
coccus infections of nose, throat, and sinuses, recurrent abscesses, car- 
buncles, recurrent styes, staphylococcal pyelonephritis, blepharitis, and 
pyelitis represent some of the conditions for which it lias been used. 
Three reports are unfavorable 39 '• *“'* ” and arc explained by Dolman 50 
on the lack of specificity and potency of the strains of staphylococcus 
used in preparing toxoid by these authors. All of the other reports are 
favorable. The best results have been obtained in the treatment of 
recurrent furunculosis and the least favorable in acne. In all cases, the 
antitoxic titer of the patient’s scrum rose during the course of treat- 
ment, occasionally as high as twenty times the original level. 39 " 


The duration of immunity thus produced is not known. In Dolman’s 
series of eighty-one cases treated for furunculosis, only three had 
recurrences within two years; and in all of t hose, the antitoxic titer 
laid bv this time fallen to its previous level, lie showed that the anti- 
toxic titer of patients with recurring furunculosis before treatment is 
started is usually within normal limits. Thus, no marked increase in 
circulating antitoxin appears as a rule to be provoked by a series of 
boils This he found characteristic of all superficial infections and was 
in contrast to the response of deep-seated infections, notably chronic 
osteomyelitis, where the antitoxic titer was uniformly high. In the latter, 
however a five- or tenfold increase in the antitoxic titer could usually 
be induced by injections of staphylococcus toxoid and was followed by 
1 clinical results: the general health improved; sinuses ocea- 

sionally closed; and appetite and sense of well-being improved. 

] iafl recently introduced the theory of hypersensitivity to 
' "tnt'hvlococc.us toxin as bring an important factor in staphylococcus 
. - t„ certain patients, he finds hypersensitivity to skin doses 

infections. toxoid in dilutions as high as 1 : 100.000 and feels that 

of stap ° lS jtivi<y is responsible in a large measure for the clinical 
this liyperseusi 1 ^* ocw(n)! . j„f P(; tion. In such patients, he desensitizes 

evidence o s | mmtm izcs by injecting subcutaneously gradually in- 
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creasing doses of toxoid beginning- at the highest dilution to which 
the patient is sensitive and carrying him through the strongest dilution. 
For routine skin testing a dilution of 1-100 is employed. 

For the treatment of severe staphylococcus infections with or with- 
out a demonstrable bacteriemia, staphylococcus antitoxin has been pre- 
pared from the serum of hyperimmunized horses and used with en- 
couraging results by Dolman, 22 Gross, 23 Panton, Valentine, and Dix, 21 
Parish and Clark, 25 and Joyner and Smith. 26 

Dolman, 22 working with a staphylococcus antitoxin prepared by the 
Connaught Laboratories at the University of Toronto, has had the largest 
experience with the treatment of severe staphylococcus infections with 
antitoxin. In a series of 104 patients so treated, 24 with various, types 
of staphylococcus infection of skin and subcutaneous tissues all made re- 
markably rapid recoveries after the administration of antitoxin. In 32 
severe cases of staphylococcemia secondary to osteomyelitis in children, 
22 recovered. Of 22 apparently hopeless cases of staphylococcemia in 
adults, five recovered. He concluded that the antitoxin offered the most 
hopeful and reasonable type of specific treatment at present available 
for acute staphylococcus infections and toxemias. Gross 23 states that 
the use of antitoxic serum is of prime importance in staphylococcus 
septicemia as well as in severe cases of osteomyelitis, furuncles, and 
carbuncles where symptoms of toxemia are marked. Panton, Valentine, 
and Dix 24 report 13 cases treated with antitoxin prepared by the Lister 
Institute. In 5 cases of carbuncle, the results were indefinite. In 3 
cases of fulminating septicemia, the use of serum did not influence the 
course of the disease. In 5 cases of pyemia, a general improvement 
and cessation of further metastatic abscesses followed administration 
of the serum. Parish and Clark 25 allude briefly to the clinical usefulness 
of antitoxic serum, stating that results were encouraging in all cases. 

Joyner and Smith 26 have reported the only series of cases treated with 
staphylococcus antitoxin in this country. They used a refined and con- 
centrated antitoxin prepared by the Lederle Laboratories and 1 now 
marketed commercially by this company. In 11 of 13 children with acute 
osteomyelitis with staphylococcemia, a marked improvement in the 
general condition, subsidence of clinical evidence of toxemia and re- 
covery followed the administration of staphylococcus antitoxin and 
prompt surgical drainage of the original focus. They demonstrated 
that the administration of antitoxin shifted the blood picture in the 
Schilling hemogram and was attended in all 11 cases by a decrease 
in the percentage of nonsegment cd and an increase in the percentage 
of segmented polymorphonuclear leucocytes. 

All who have worked with the staphylococcus antitoxin emphasize 
llmt the employment of the serum presents certain difficulties character- 
istic of serum therapy in general, in addition to those inherent in the 
case to he treated. The antitoxin is not directly bactericidal but has 
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an indirect bactericidal action by neutralizing the circulating toxin 
and thus removing the inhibition of normal bactericidal activity of the 
blood. It cannot undo damage already suffered by organs or tissues, 
but it is able to protect from further damage and also to prevent fresh 
localizations. Free and adequate drainage of localizations of pus re- 
mains essential in every ease and serum therapy can be regarded only 
as an adjunct to the recognized and well-established principles of 
surgical treatment of staphylococcus infections. 


ACTIVE IMMUNIZATION AGAINST TETANUS 

Because of numerous examples illustrating the inadequacy of passive 
immunization against tetanus during the World War and the danger 
of serum reactions, or of inducing hypersensitivity 1o horse serum in 
individuals in whom subsequent serum therapy for other conditions may 
become necessary, active immunization against tetanus has been at- 
tempted and is now being carried out successfully. 

In 1925, Ramon 27 ’ 28 prepared a tetanus toxoid for active immuniza- 
tion against tetanus using the same method of detoxification that he had 
previously proposed for the diphtheria toxin. Ramon and Zoeller, 25 
and others 30 then injected several hundred subjects with their formalized 
toxin (toxoid), giving three injections at one-month and two-week 
intervals. A further injection given one or two years later resulted in a 
great increase in the antitoxic titer of the scrum of these individuals. 
Their results were confirmed by Sacquepec, 31 Lincoln and Grecnwald, 32 
and Sneatli. 33 Sneath found that after the first series of three injections 
of tetanus toxoid given at four- and two-week intervals to 29 individuals, 
significant amounts of antitoxin developed in 2S patients, and in 20, a 
quantity of antitoxin (0.1 unit or more per cubic centimeter) sufficient 
to provide effective protection against tetanus had developed. Sneath 
and Kerslalce 34 in a study of this group twelve to fifteen months later 
found that only three still possessed a protective concentration of 
antitoxin. At this time, a single additional injection was given to 14 of 
the scries, several of whom had not. produced a protective amount of anti- 
toxin after the first series of injections. Thirteen of these 14 persons 
i developed a protective concentration of antitoxin by the seventh day 
after injection, the average being much higher than at the close of the 
•• This protective concentration was maintained in all ot the 

thirteen subjects for at least one month. 

ml findings confirm those of Ramon and Zoeller and form the basis 

, “r— — » r ion - ° r 
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developed, that in persons frequently injured, a dose of toxoid given 
nnually would probably give ample protection. This procedure is 
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an indirect bactericidal action by neutralizing the circulating loxin 
and thus removing the inhibition of normal bactericidal activity of the 
blood. It cannot undo damage already suffered by organs or tissues, 
but it is able to protect from further damage and also to prevent fresh 
localizations. Free and adequate drainage of localizations of pus re- 
mains essential in every case and serum therapy can be regarded only 
as an adjunct to the recognized and veil-established principles of 
surgical treatment of staphylococcus infections. 

active immunization against tetanus 

Because of numerous examples illustrating the inadequacy of passive 
immunization against tetanus during the World War and the danger 
of serum reactions, or of inducing hypersensitivity to horse serum in 
individuals in whom subsequent serum therapy for other conditions may 
become necessary, active immunization against tetanus has been at- 
tempted and is now being carried out successfully. 

In 1925, Ramon 17 ’ 38 prepared a tetanus toxoid for active immuniza- 
tion against tetanus using the same method of detoxification that he had 
previously proposed for the diphtheria toxin. Ramon and Zoellor, 89 
and others 30 then injected several hundred subjects with their formalized 
toxin (toxoid), giving tlu-ee injections at one-month and two-week 
intervals. A further injection given one or two years later resulted in a 
great increase in the antitoxic titer of the scrum of these individuals. 
Their results were confirmed by Sacquepce, 3 ' Lincoln and Grccmvald,” 
and Sneatli. 33 Sncath found that after the first series of three injections 
of tetanus toxoid given at four- and two-week intervals to 29 individuals, 
significant amounts of antitoxin developed in 28 patients, and in 20, a 
quantity of antitoxin (0.1 unit or more per cubic centimeter) sufficient 
to provide effective protection against tetanus had developed. Sncath 
and Iverslake 3< in a study of t his group twelve to fifteen months later 
found that only three still possessed a protective concentration of 
antitoxin. At this time, a single additional injection was given to 14 of 
the series, several of whom had not produced a protective amount of anti- 
toxin after the first series of injections. Thirteen of these 14 persons 
had developed a protective concentration of antitoxin by the seventh day 
after injection, the average being much higher than at the close of the 
* series This protective concentration was maintained in all of the 
thirteen subjects for at least one month. 

findings confirm those of Ramon and Zoeiler and form the basis 
, n resent method of immunization. Three injections of tetanus 
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plus a stimulus to healing, both of which he believes are caused by 
secondary rays emanating from the petrolatum following irradiation. 
Lilienthal 51 has had similar results in the treatment of septic wounds and 
sinuses. Stevens, 52 and Sears and Black 53 have studied the bactericidal 
properties of irradiated petrolatum and have found them so feeble as to 
be negligible. The latter authors conclude that any beneficial action 
which irradiated petrolatum possesses must be attributed to a stimulat- 
ing effect upon local tissue defense. 

The maggot treatment of infected wounds as introduced by Baer, 54 
particularly those in which devitalized and necrotic tissue is abundant, 
continues popular and effective. The method is, however, cumbersome, 
time-consuming, and often annoying to the patient. It has led to a 
study of the bactericidal and therapeutic effect of the secretions of 
maggots. Simmons 55 has obtained a potent bactericide from the excreta 
of maggots which kills various strains of virulent bacteria in broth or 
saline suspension in 5 to 20 minutes. The active principle is nonviable 
and is not destroyed by autoclaving or desiccation. It has not been used 
clinically. Robinson has suggested the use of urea 55 or allantoin, 5T each 
present in the excreta of maggots, for local application in the form of 
moist compresses to infected wounds. He feels that each substance 
will produce a general cleansing of the wound, reduce infection, stimu- 
late formation of healthy granulation tissue, and hasten healing. 
Greenbaum 58 has had favorable results in the treatment of various 
types of wounds with allantoin used as a 0.4 per cent solution or as a 
2 per cent ointment. 

Zinc peroxide has been introduced by Meleney 59 for local application 
to wounds infected by the anaerobic group of organisms. He finds this 
drug particularly effective in producing a sustained highly oxygenated 
environment which inhibits and then destroys anaerobic organisms 
in the lesions. In a series of chronic undermining ulcers caused by a 
hemolytic streptococcus which prefers an anaerobic environment, he 
found zinc peroxide applied daily as a creamy suspension to he the 
only effective method of treatment available. He has also applied zinc 
peroxide locally as an adjunct in the treatment of wounds infected 
with Cl. welchii and Cl. tciani. 

Azochloramide has been found by Kennedy 00 to be an effective 
chlorine-compound substitute for Dakin’s solution. In Germany, Linka 01 
has introduced “penetrin” as a cellular anesthetic of value in wound 
treatment, and Schweitzer 03 lias used silver mannitc for its stimulating, 
antisecretory, deodorant, and epithclinlizing effect when applied locally 
to suppurating wounds. 


infectious gangrene of skin and subcutaneous tissue 


Since Cullen’s 01 first 
graic of the abdominal 


description of a progressive postoperative gan- 
wall following the drainage of an abdominal 
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ately preceding the use of prontosil, 10 died, with a mortality of 26.3 
per cent. In the next 38 cases treated with prontosil, only 3, or S per 
cent, died. 

Although prontosil was originally observed to have a selective activity 
in streptococcus infections, Horlcin 41 reports it to effect cures in rabbits 
with staphylococcus infections. He has also found it particularly effec- 
tive in the treatment of infections with the pneumococcus type III. 
Beneficial effect in other types of bacterial infection has not been 
demonstrated, Prontosil is not bactericidal in vitro, and its manner of 
action in the animal body is not understood at present. 


TREATMENT OF INFECTED WOUNDS 

Search continues for an ideal dressing to encourage healing in infected 
wounds, burns, and indolent ulcers. However, such fundamental 
principles as free and adequate drainage, specific treatment directed 
toward the underlying cause of the ulcer or infection, and a rational 
regime to improve local tissue resistance remain of first importance in 
the treatment of these conditions. 

Cod liver oil applied locally in the treatment of burns and suppurating 
wounds has received much recent attention, notably from Loehr 45 m 
Germany who was its first proponent. He uses raw cod liver oil or a 
cod liver oil ointment applied locally to many types of fresh and in- 
fected wounds, as well as on fresh and old burns. He feels that cod 
liver oil inhibits bacterial growth, produces a healthy granulation tissue, 
stimulates epithelizntion, and allays pain. The effectiveness of cod 
liver oil he attributes to the presence of its vitamins and not to its oil. 
Similar results have been obtained by Steel, 45 Tcnncnt, 44 Tumansky and 
Yatsevich, 45 and lost and Kochergin, 4 * while Buohheistor 4? combines 
honey and cod liver oil with equally satisfactory results. 

Tumanslcv and Yatsevich found that on being placed in cod liver od 
the "rowlh of streptococci ceased in one hour and staphylococci in six 

I nre The addition of petrolatum decreased this bactericidal prop- 
10 , . ' p a( j u la 4S observing the effect of the local application of vitamins 

wounds in experimental animals, found that vitamin 1> favored heal- 
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plus a stimulus to healing, both of which he believes are caused by 
secondary rays emanating from the petrolatum following irradiation. 
Lilienthal 51 has had similar results in the treatment of septic wounds and 
sinuses. Stevens, 52 and Sears and Black 53 have studied the bactericidal 
properties of irradiated petrolatum and have found them so feeble as to 
be negligible. The latter authors conclude that any beneficial action 
which irradiated petrolatum possesses must be attributed to a stimulat- 
ing effect upon local tissue defense. 

The maggot treatment of infected wounds as introduced by Baer, 54 
particularly those in which devitalized and necrotic tissue is abundant, 
continues popular and effective. The method is, however, cumbersome, 
time-consuming, and often annoying to the patient. It has led to a 
study of the bactericidal and therapeutic effect of the secretions of 
maggots. Simmons 55 has obtained a potent bactericide from the excreta 
of maggots which kills various strains of virulent bacteria in broth or 
saline suspension in 5 to 10 minutes. The active principle is nonviable 
and is not destroyed by autoclaving or desiccation. It has not been used 
clinically. Robinson has suggested the use of urea 50 or allantoin, 57 each 
present in the excreta of maggots, for local application in the form of 
moist compresses to infected wounds. He feels that each substance 
will produce a general cleansing of the wound, reduce infection, stimu- 
late formation of healthy granulation tissue, and hasten healing. 
Greenbaum 58 has had favorable results in the treatment of various 
types of wounds with allantoin used as a 0.4 per cent solution or as a 
2 per cent ointment. 

Zinc peroxide has been introduced by Meleney 50 for local application 
to wounds infected by the anaerobic group of organisms. He finds this 
drug particularly effective in producing a sustained highly oxygenated 
environment which inhibits and then destroys anaerobic organisms 
in the lesions. In a series of chronic undermining ulcers caused by a 
hemolytic streptococcus which prefers an anaerobic environment, he 
found zinc peroxide applied daily as a creamy suspension to be the 
only effective method of treatment available. He has also applied zinc 
peroxide locally as an adjunct in the treatment of wounds infected 
with Cl. wclchn and Cl. tetani. 

Azocliloramide has been found by Kennedy 00 to be an effective 
chlorine-compound substitute for Dakin ’s solution. In Germany, Linka 01 
has introduced “penetrin” as a cellular anesthetic of value in wound 
treatment, and Schweitzer 01 has used silver mannite for its stimulating, 
antisccrctorv, deodorant and epithelializing effect when applied locallv 
to suppurating wounds. 
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Since Cullen’s 03 first description of a 
gram of the abdominal wall following 


progressive postoperative gan- 
the drainage of an abdominal 



466 


SURGERY 


abscess, interest lias been stimulated in infectious gangrene of the skin 
and subcutaneous tissues. Stewart-Wallace,® 4 in 1935, collected thirty- 
seven cases of progressive postoperative gangrene of the skin from the 
literature. Since then additional cases have been reported by Holman, 55 
Hicken,® 6 Coakley and Klein,® 7 Willard,® 8 and Liedberg.® 9 Meleney 70 
has classified the various forms of infectious gangrene, of the skin and 
subcutaneous tissue into acute and chronic groups. Gas gangrene and 
hemolytic streptococcus gangrene represent the acute forms of the 
disease, while progressive postoperative synergistic gangrene, gangrenous 
impetigo or ecthyma, amebic gangrene, and fusospirochetal infections 
represent the chronic forms. 

As described by these authors, progressive postoperative gangrene 
usually follows drainage of an abscess in the thorax or abdomen. 
The wound becomes painful, its margins dusky and elevated; and be- 
tween it and the normal surrounding skin, an area of reddening appears. 
Gradually the process progresses; margins of the ulcer become necrotic, 
while an advancing zone of dusky cyanosis and another of reddening 
in the skin precede the advance of the gangrenous process. Huge areas 
of skin may become involved; Stewart-Wallaee’s case involved the entire 
back from occiput to iliac crests, the left flank, left side of the chest, and 
entire abdomen. In careful bacteriologic studies of his cases, Moloney 71 
has uniformly found a microaerophilie nonhemolytic streptococcus 
to be present in the advancing margin of the lesion, while a hemolytic 
Staphylococcus aureus is present in the necrotic zone. By animal 
inoculation, he has shown that either organism injected alone causes 
no reaction, while a combination of the two usually produces a gan- 
grenous lesion. His belief that the condition is due to a symbiotic 
phenomenon involving these two organisms has been widely accepted, 
although, because of a lack of uniformity of bacteriologic studies, other 
cases in the literature with one exception® 8 did not show these organ- 
isms. In most of the recorded cases, at least two organisms have been 
found and many authors have corroborated Meleney ’s observation that 
two organisms together produce more pronounced lesions than one alone. 
Regardless of any difference of opinion which may exist in regard to 
exact etiology', all agree on the futility of conservative measures in the 
treatment of the condition. A bold, extensive, and thorough excision of 
} 10< mar£r j„ of the ulceration, including the outer zone of redness, pref- 
blv with the cautery, has almost invariably resulted in a cessation of 


the process. 
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Review of Recent Meetings 


REVIEW OF THE SOUTHERN SURGICAL ASSOCIATION 
MEETING, DECEMBER 15, 16, AND 17, BILOXI, MISS. 

Howard R. Mahorner, M.D., New Orleans, La. 

(From the Deportment of Surgery, Tulane University School of Medicine) 


T HE annual meeting of the Southern Surgical Association was held December 
15, 16, and 17 at the Edgewater Gulf Hotel in Biloxi, Hiss. The meetings 
were extremely well attended, and there were many important contributions. 
Of a total of forty listed papers, thirtj'-nine were presented. 


Dr. George Hotter, of New York City, discussed Surgical Aspects of Acute 
Cholecystitis. His study included 150 cases from the Cincinnati Goncral Hospital, 
800 cases front the records of the old New York Hospital, and 611 cases from 
the new New York Hospital, a total of 1,565 cases. There is no direct parallelism 
between the stage of pathology of the inflamed gallbladder and the symptoms 
which these patients present. His studies showed that gangrene and perforation 
of the gallbladder occurred in approximately 20 per cent of the cases of acute 
cholecystitis. Tho mortality following perforation of the gallbladder averages 
approximately 46 per cent. He presented a series of 163 consecutive cases of 
acute cholecystitis in which operation was done early. In this group, 16 had 
perforation on admission. The mortality for the entire series of 153 cases was 
3.2 per cent. Overemphasis has been placed on the dnngcr of operation in the acute 
stages of cholecystitis, and the mortality is thus shown to he less from immediate 
than from delayed operation. 


Dr. Trank Lahey, Boston: Strictures of the Common and Hepatic Duct. Tlie 
most common cause of stricture is operative trauma, and probably the most com- 
mon cause of injurious trauma at operation results from attempts to control 
bleeding from the cystic artery. Lahey described nine different types of recon- 
structive procedures which they have successfully employed for these strictures. 
The production of complete external biliary iistulns with later transplantation into 
the duodenum, stomach, or jejunum is not a satisfactory procedure. The Heineke- 
Wikulicz type of reconstruction, splitting the stricture longitudinally and suturing 
! tranS vcr«cIy, is not applicable for long strictures. He uses a T-tuhe inserted 
to the reconstructed duct tnrough a separate opening above the site of repair 
m __ inhumes, the lower end of which passes down the duct through the site 
in t iesc i - jjml-to-end anastomosis after the resection of a stricture should not 
of repair. ^ tJje sutlirc ]i n c, otherwise the lines of suture will give way. In 
have tension ^ advises anastomosis of the obstructed duet to the duodenum 
some instances, instances, it is advisable to leave a T-tuhe in perma- 

or to the stomach. In rare - 

ncntly. . 

Walters, Iiochcstcr, Alina., in discussing Dr, Lahey’s paper, Wi'I 
Dr. Waltma number of strictures (26) which he had reported before 

that the end-resu t.- o a approximately 50 per cent have remained perma- 

the Society in lSil fll0 " Cl 
ncntly well. 

-^vedfor publication. ' 
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Dr. Frederick Coder, University of Michigan: Treatment of Typhoid Carriers by 
Cholecystectomy. He finds that 2 to 3 per cent of all typhoid cases become 
carriers; that is, they have persistent positive stools and positive bile cultures for 
a minimum of a year after the attack of typhoid. Coller performed chole- 
cystectomies in such carriers which could not be cured otherwise. Ninety per cent 
of these were cured. The pathology of the removed gallbladder is usually that of 
chronic cholecystitis, but occasionally' there is acute cholecystitis with intramural 
abscesses. 


Dr. John dej. Femberton, Rochester, Minn.: Regional Ileitis. In a series of 
39 eases examined at the Mayo Clinic and studied by r Dr. Pemberton and Dr. 
P. W. Brown, the lesion was most frequently' single but was occasionally multiple. 
It occurred usually' in the terminal ileum but occasionally involved other seg- 
ments of the intestinal tract. Changes in the small intestine which could he 
detected roentgenologically occurred early in the course of the disease. Clinically' 
the cases present the following symptoms: frequently pain, sometimes with nausea, 
vomiting, and abdominal distention; occasionally diarrhea, loss of weight, anemia, 
and fever. The etiology is not known. The treatment of choice is a two-stage 
operation, the preliminary operation consisting of an ileocolostomy, subsequently 
resection of the diseased segment or segments. Of 9 cases of extensive regional 
enteritis, resection was performed in 2 and the patients have remained well for 
one year and for eight months, respectively. In the remainder of these cases, only 
the short-circuiting operation was performed, and the results have not been 
encouraging. Of the 27 cases in which the process was localized, in 19 the 
patients are well; 4 are still haring trouble; 3 have died; and 1 has not been 
traced, in 8 of the 27 cases, a short-circuiting operation was the only operative 
procedure employed. In 3 cases in which only the short-circuiting operation was 
performed, a deficiency syndrome developed. 


Dr. W. L. Estes, Jr., Bethlehem, Pa.: Enteritis of the Obstructed Loop After 
Entero-anastomosis for Intestinal Obstruction. Estes called attention to the fact 
that if a blind loop is left after an entero-anastomosis around obstructed lesions, 
the patient will develop signs of enteritis or enterocolitis. The treatment is re- 
section of the blind loop. The condition is much more apt to occur when the 
blind segment is distal to the point of anastomosis and less likely to result when 
the blind segment is proximal to the point of anastomosis. 


Dr. William Perrin Nicolson, Jr., Altanta, 6a., described a controllable cecos- 
tomy in which a mushroom catheter was placed into the cecum and a rubber guard 
like that of a Brauer tube placed over the tube externally, so that the cecal and 
abdominal walls were compressed between the two fianges. The tube is clamped 
when the patient is ambulatory, and no leakage occurs. 


Dr. J. L. McGehee, Memphis, Tenn.: Chronic Dilatation and Obstruction of 
the Duodenum. Dr. McGehee reported a case of a female, aged eighteen years, 
who had severe vomiting spells for six weeks. Roentgenography allowed obstruction 
of the terminal end of the duodenum. At operation there was a constriction at 
the terminal portion of the duodenum (congenital) which was due to pressure bv 
the superior mesenteric artery and the middle colic artery on the duodenum. 
Duodenojejunostomy and colopexy to correct the drag were followed by cure. 


Dr, WiUis D. Gatch, Indianapolis, described a new method for closing a per- 
orate u < cr on the anterior surface of the duodenum or pylorus. It consists of 

ovcrlnppmg the proximat portion of a normal stomach for a distance of evUl 
centimeters over the ulcer 

•’0 eases nH (i " odcuwn d,stal to Uie u,cer - In all, there were 

* . >th o deaths (19.fi per cent mortality). None of the IS cases 
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operated upon within eleven hours o£ the perforation died. The mortality varied 
directly with the length of time elapsed after the perforation. Follow-up studies 
on these cases showed no disturbance in physiology and no obstruction to the out- 
let of the stomach. 


Dr. Donald C. Balfour, Boeliester, Minn.: Factors of Significance in the Prog- 
nosis of Cancer. Balfour summarized some of his experiences with cancer of the 
stomach which are significant in the prognosis. In a statistical study of over 
2,100 cases of operations for gastric carcinoma, the following facts were obtained: 
The shorter the history, the less chance of cure; and the larger the tumor, the 
better the prognosis. A lesion at the pyloric end of the stomach was less amenable 
to euro than lesions of the body and fundus. There was less chance of permanent 
cure in cases with lymph node involvement, but after five years, patients with am! 
those without lymph nodes involvement had practically the same clmncc of continued 
existence. Broder's grading showed a definite difference in the life expectancy, 
the Grade 4 types dying relatively much earlier than those of Grades 3, 2, and 1, 
respectively. The higher the gastric acidity, the better the prognosis. Forty-fire 
per cent of cases are operable, but only 19 per cent of the cases are amenable io 
some type of operation (resection) which could possibly promise a cure. About 
30 per cent of cases that hare had extirpation of the growth and regional nodes 
will have five-year cures. Average life expectancy without palliative or radical 
operation is five months and with palliative operation (gastroenterostomy) is six 
months. 


Dr. John C. Caulk, St. Louis. Caulk divided tumors of the renal pelvis ami 
ureter into two pathologic types which have two entirely different clinienl appear- 
ances. The papillary type comprises SO per cent of the tumors and tho squamous 
type, 20 per cent. The papillary type has a tendency to involve the respective 
ureter and does so in 50 per cent of the cases. They are multiple, slow-growing, 
and do not have distant metastasis. In this type if is important to remorc the 
entire ureter, including the intramural portion in the bladder. If this is not done, 
S6 per cent will show recurrence. Tho squamous type of tumor metastasizes to 
distant regions but does not have a tendency to invade the ureter. Therefore, when 
the tumor is recognized ns being squamous, it is not necessary to remove the 
ureter. 

There were three papers on appendicitis. In general, it was emphasized that 
there arc far too many deaths in the United States from appendicitis each year, 
that the mortality is still too high, that it is due to lack of education on the part 
of people and doctors. 


Dr Boy D. McClure, Detroit, reported a detailed -study of g52 consecutive cases 
of acute perforated appendicitis with peritonitis. The mortality was increased 
with cathartics and with complications present on admission. McClure emphasized 
the fact that 00 per cent of the patients had symptoms that were atypical of 
nenOicitis but not signs which were atypical. Generally the objective findings 
IlJ>I , „ ical _ j [c a oes not use the conservative treatment in eases that have developed 
aTC lications. The mortality in his scries was greater the closer the incision 
comp - nudlinc. Ife favors the .Vcllurnrr incision in unite appendicitis. 

. _r discussers approved of the use of the McHurney inei-ion 
in acute^appembcUis and decried the use of right rectus incision*. 

w Bunch and Dr. Roger Doughty, Columbia, s. c.: Principles and 
Dr ;, G °r e tL Treatment of Acute Appendicitis. Th c author.* ernjjfimjza thr 
Results in the _ • management of the rn-<- a- tin- important factors in 

technic of operation anu <- They favor the expectant treatment in tho-— ea-- 
the mortality of appem 1 . u *h as j-crfnruiion with nl. poritoniri-, 

Which have developed eomphe. , - 
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peeted, such as herniorrhaphies, perineorrhaphy, hysterectomy. The incidence of 
nausea, distention, headaches, catheterization, backache were all less under spinal 
than under general anesthesia. Complications were slightly less, the postoperative 
course smoother under spinal anesthesia. The mortality for spinal anesthesia was 
0.02b per cent. There was no end of proselytes convinced or becoming convinced 
that spinal anesthesia is a method which is safe and which has many advantages 
over the general. 

In discussing this paper, Dr. Hubert Royster, Raleigh, X. C., brought the dis- 
cussion to an anticlimax by asking for a vote by the surgeons expressing preference 
for spinal anesthesia or general anesthesia on themselves. The ones who preferred 
general anesthesia were very much in the majority. 

In discussing this paper, Dr. Lahey made a plea for the education of anesthe- 
tists in the medical school, saying that most of the untoward results were due to 
unintelligent management or administration of spinal anesthesia. 


Dr. Donald Guthrie, Sayre, I 3 a., discussed avertin anesthesia, reporting a death 
which was due to respiratory failure and reporting statistics and impressions that 
he had gained from communications with other surgeons. The consensus of opinion 
was that avertin anesthesia is a valuable adjunct to anesthesia, though many men 
will not use it, and others are suspicious of its untoward results. 


Dr. Rudolph Matas, New Orleans, after receiving the standing respect of the 
members, reported a most interesting case of cavernous nngionm of the arm with 
regional recurrence and distant metastases. The patient at birth had an angioma 
on the finger of the hand. In fifteen years because of the progress of the lesion 
upward, he had an amputation in the middle of the forearm. When the patient 
was twenty-one years of age or six years after the amputation of the forearm, 
there was noted an angioma in the stump; at this time the systemic and Joeal 
symptoms of arteriovenous fistula were apparent. At the age of twenty-one years, 
the arm was disarticulated at the shoulder and ten years later t ho patient had 
evidence of another recurrence in the chest wall in the region of tiic amputated 
stump and also at some distance below on the chest wall. There was a sponge- 
like angiomatous lesion that permitted direct passage of blood from arteries to 
veins. The patient had an enlarged heart and signs of cardiac weakness on exer- 
tion. All local signs of an arteriovenous communication were present. 


Dr. Arthur M. Shipley and Dr. Nathan Winslow, Baltimore: Extracranial 
Aneurysm of the Internal Carotid: Report of Two Additional Cases and Review 
of the Literature. Many of these cases have been discovered accidentally by the 
surgeon opening the protrusion into the pharynx, thinking it was a peritonsillar 
abscess. Occasionally such lesions have ruptured spontaneously into the pharynx. 
It is important to he cognizant of the lesion. Whereas the lesion is extremely rare, 

■ ,] ev „ n ,I Winslow emphasize the dangers of the incorrect diagnosis. The opera- 
t 11 of choice is ligation of the internal carotid artery; they advise preliminary up- 
1011 -li under local anesthesia and temporary ligation to test tlio collateral circuhv 
proac 1 un^i^ ^ evidence of dizziness or other symptoms that might indicate tin 
tmn J no ;il . ( .; (1( , n t, j f the patient weathers the preliminary operation, 

^prognosis is for eur ‘'' 


_ __ Roberson. Durham, X. C., in discussing earner of the female breast, 

Dr. xoy the deaths from rancor n re !»,!* per hundred thou- 

callcd attention o jjnitcd States yearly. In Xortli Carolina, one in gf'O deaths 
rand population in 1 breast. Roberson believes the most important changes 

is duo to carcinoma o ^ improvement in the management of cancer would 1»* the 
which would proi ucc *' a certain fortiori fo the cure of on** roan in 

delegation of “ ll 0;n m , mbits where there nr- relatively a small imml- r of 

charity hospitals of sm 
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rases He believes in this way the community would have an expert in each partieu- 

patient woL C beleflt } ’ eraPy ’ ^ '"’° uM be more 5nterest and that the 

c ^ F ^mentTZiltTr me3 * SatiSfactory Method of Repairing 

those which f ln i 1 &t k r beheves that not a]I cases need operation, but only 
is prolonged i/° i?' satiafactor y result from the conservative treatment, that 

ture of the n ' i ■ ° f ^ hbla ° D the cond J’ les of the femur in extension, and rup- 
surfaee of L Tj' f 8 "* pemits P ° Sterior <lislociltiwi of the articular 

Strichlerl ti ** ° f the femur -ith the knee in flexion, 

lie obtains a wide f ^ inCisi ° n ° n tl,e thi ^ h trough which 

Tins is threaded thr ? ° 7-/^ ^ WhlCh wllei1 Tolled is as thick as a pencil, 

do,™ Lto 1 inti f, a dWl1 h ° Ie WhiC ' 1 g06S int ° the above the condyle 

the interarticuhr ™ } n °* eh * and tIien throu S h a dri11 hole which passes from 

tuberositv m ' • penor surface of t,le tibia anterior to the spine through the 

back to its point?/ ^ faSCia lata is n0t socured here, bi,t « carried 

point of origin and sutured to its other end. 

in ?on??tL S pT~e C ’ ^ ExperimentaI stu dy of the Changes 

some very interestin ' ' " 7 T ^ Wp0n EleCtr0lysiS ' Venable reported 
G. Stuck, and Asa ft ® ,gm * lant experimental work done by himself, Walter 
changes in bont'in T wWch W “ S t0 determine the causes of the 

earring i n those ini ° f meta,S - He S,10Wed definite °steoporosis oc- 

foreign body ZchTj ^ there ™' e ^ “*»*■. even if they Jere in one 

ether In itances i/r, Permitted electrolysis from one metal to an- 

alysis copper, zinc e h™t/m ' e ° m ° S18 *** ° CCUITin & ‘hey obtained by chemical 
material and also in distant ' m ' ° r ° tC '’ . in tbe region “round the foreign 
significant of the faet tint 5UC l “/"* llVer ' ™ s ' vas interpreted as being 

to another Til , electrolysis made the migration of ions from one metal 

screws ! ^ os/Xr LI SUCh eleetr ° lyS5S Pr ° duced “bsorption around th 
tissue or i„ Srr , e “ " laterial which llad ™ ions in the surrounding 
no tissue reaction and/her!/’ “ V,taH, “ ,n ’ whlch does not contain iron, there was 
this explains the oft WSS n ° eVldence ° f os teoporosis. They believe that 

ibrmuU fra meta °T" fr0m f0rdgn b ° dies aad % I 

ror a metal which would result in a minimum reaction. 

tnrJ'o7Sm ntk 0 Tthff MemPh /’ T 6 ' 1 "'’ S ‘ ated that be had 495 cases of frac 
capsular fr/ture o 20 f ° mUr ’ ° f w,,lch 214 < 4S P<* cent) were complete in/a- 
terna, fixation^ T not 3° “ 0cha f- le - aad were impacted frnLres. S- 

x-rays has made it feasiS to bo 7re r// t ^ Wdl HS antcr °PO“terior 

hcves that this with internal fixation ,oa !ms bcen acc ompli s h e d, and he be- 

convalescence, but aho Zr l , responsible not only for a more comfortable 

rpSSSSKT.-rs-S 

-crtality i„ the negro race, 12 / cln Fi/v/ur? ' ri '° r ° is a high 
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Dr. Earle Drennen, Birmingham, Ala., analyzed 300 consecutive eases of thy- 
roidectomy which lie himself had done. He claimed nothing original, but showed 
an extremely low mortality of I death in the 300 cases, one-third of one per cent. 
These favorable results Dr. Drennen attributed to detailed study of the eases and 
careful preparation of the patients before operation. 

Dr. Willard H. Parsons, Vicksburg, Hiss.: Treatment of Heart Disease by Total 
Ablation of the Normal Thyroid. Drs. Parsons and Purks sent out a total of 07“ 
questionnaires, and 342 replies were obtained relative to the treatment of heart 
disease by the total ablation of the normal thyroid. Of those who replied, 59 had 
had definite experience with the operation. The results in these eases and -i of Dr. 
Parson’s own were analyzed. Zn 229 eases of congestive heart failure represented, 

there was an operative mortality of 10.4S per cent. The results were excellent in 

34.6 per cent, and satisfactory improvement was obtained in approximately tip 

per cent. In angina pectoris, the results were even better. In J33 eases, the mor- 

tality was 3.75 per cent; the excellent results were obtained in 55.46 per cent; and 
moderate improvement occurred in 2S.12 per cent. He believes that the status 
at present is that good or satisfactory improvement occurs from thyroidectomy in 
angina pectoris in SO to 90 per cent of the eases. 


Dr. Lon Grove, Atlanta, Ga.: Fibroangioma of the Spleen. Dr. Grove re- 
ported a ease of a four-month-old infant who was normal at birth but who 
subsequently developed a lump in the left upper quadrant of the abdomen. This 
was removed at operation and a tumor 5 by 5 cm. in diameter was found ill the 
spleen. .Microscopically it proved to he a iibroangiomn. These tumors nro ex- 
tremely rare. 

Dr. Louis Frank, Louisville, Ivy., reported a case of hemolytic streptococcal 
infection of intrnabdominal lymph nodes in which suppuration occured. They have 
found reported only six similar cases. The patient’s initial portal of entry was the 
foot. The patient was extremely ill. Incision and drainage of n n abscess was fol- 
lowed by ultimate recovery. Repeated blood transfusion and x-ray therapy did not 
seem to arrest the disease in this instance, but an intravenous injection of im’tu- 
pl ieu W as followed by prompt improvement. The duration of the illness was eleven 

weeks. 


Dr. I. M. Gage, New Orleans, in discussing Dr. Frank’s paper stated that on 
the Tulanc Surgical Service they had had between 25 and 30 cases of streptococcic 
lymphadenitis. In only 2 casts was Streptococcus /icmoli/ricits obtained. Dr. Gage 
advises preliminary aspiration determining the type of organisms and if it is 
streptococcus, nonintervention treatment until actual suppuration has occurred, in 
which instance incision and drainage is indicated, lie advises strongly against 
incising and draining before signs of suppuration. 


Dr Albert O. Singleton, Galveston, Tex., reported twenty-eight cases of 
' mi TUev were divided into simple, cavernous, and cystic types. There 
Jy nip Mi g ^ ^ jj' c type and 17 cavernous nr cystic. Dr. Singleton re 

wore 11 Ca (-tnbrvologic development of the lymphatic system and showed how sie-li 
viewed c develop. Infection is a frequent cause of death after opera 
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Dr. K. H. Ayneswortli, Waco, Tex., gave a general discussion of medical and 
surgical lesions above the diaphragm which present symptoms simulating acute 
surgical lesions in the abdomen. It is important that lesions above the diaphragm 
produce no abdominal rigidity. If sudden palpation is done, it may cause a reflex 
rigidity which may give an erroneous impression, but if the type of examination 
Ayneswortli advises is carried out there is no rigidity. He advises gentle, light 
palpation with the finger, very light, to detect any rigidity followed by gentle, 
firm, and increasing pressure with the palm of the hand in the region of the pain. 
In those instances in which the lesion is above the diaphragm, although there may 
be a slight sense of resistance at first, it disappears when the pressure is continued. 

Dr. C. C. Coleman, Biehmond, Va., gave a very important paper on the surgical 
treatment of facial spasm. In discussing this paper, Dr. Joe King, of New York 
City, said that it was the most informative paper he had heard on this particular 
subject. Coleman had in the last year five cases of facial spasm of unknown 
etiology. Three were unilateral and two were bilateral. In unilateral cases, the 
pathology is in the peripheral nerve; in the bilateral cases, it is in the cerebrum. 
The character of the spasms is different in the two types. Alcohol injection of 
the facial nerve is not, simple; it paralyzes the entire nerve. He prefers division 
of the nerve anterior to the ear, preserving the mandibular branch and resuturing the 
upper fibers. This keeps the mouth balanced. He believes that facial hypoglossal 
anastomosis after division of the facial nerve will offer perhaps even better possi- 
bilities for a permanent cure in this unfortunate condition. 

Dr. Ernest Sachs, St. Louis, in order to attack with radiation therapy malignant 
tumors of the brain and cranial cavity, irradiated cases on the table when the bone 
flap had been turned and the adjacent skin and skull were protected by lead. In 
five cases, they gave over 000 roentgen units, and it is now possible by elimination 
of certain filters to do this in forty minutes. As yet, they have not followed the 
cases for a sufficient length of time to give the result. They had previously tried 
the implantation of radium, and the results in these malignant cases were not satis- 
factory; therefore lie was glad to discard it for something which promised better 
results. 


Dr. E. Dunbar Newell, Chattanooga, Tenn., discussed the treatment of brain 
trauma by the general surgeon. There are approximately 112,000 cerebral injuries 
m the United States annually, and the mortality possibly averages around 25 per 
cent. Most of the cases have to be treated, not by neurosurgeons, but by general 
surgeons. In a previously reported series, they had a mortality rate of 31 per cent. 
In their present group, it was reduced to 20 per cent. In the last 100 cases, there 
Luc been five deaths. Six were operated upon for depressed fractures, two for 
nnddc meningeal syndromes. Newell emphasized that the patient should not be 
' '‘"’^cd and molested by moving, but should be put at rest; ho cautioned strongly 
against intervention or meddlesome surgery except where it is absolutely indicated." 
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mucosa is removed with scissors. The vaginal fascia is then incised. After re- 
ducing the rectoccie by a plication, they expose the levators and suture them under 
the rectoeele. 

Dr. Hilliard B. Miller, New Orleans; Echinococcal Disease, With a Ecport of 
Primary Echinococcal Cyst of the Uterus. Dr. Miller reported an interesting case 
of an echinococcal cyst of the uterus, the first occurring in North America. The 
patient, a colored woman, evidently obtained infestation by eating clay during 
pregnancy, which slie thought was beneficial. Tlie tumor, the size of a grapefruit, 
was attached to the uterine wall and was removed by doing a partial fimduseetoniy. 
On sectioning the tumor subsequently it proved to be a typical echinococcal cyst. 
The patient always has lived in Louisiana. There has been no recurrence since the 
operation. 

Dr. John T, Moore, Houston, Tex., called attention to the Shropshire operation. 
This operation for hysterectomy is done by cutting through the lateral wall of the 
uterus itself instead of cutting through the broad ligaments. Preliminary to cutting 
the slab, special clamps are applied to stop bleeding. It is a rapid method of doing 
n hysterectomy. In closure, the lateral stumps, which consist of part of the wall 
of tho uterus, are sutured together by mattress sutures. This forms a strong pro- 
tective closure and tightens the uterosacral and uterovesiclc ligaments. The same 
procedure can be used with slight modifications on vaginal hysterectomies. 

Dr. Curtis H. Tyrone, New Orleans, reported 200 cases of vaginal hysterec- 
tomies which he had done personally between August, 1931, and November, 1030. 
These cases were done in instances in which such an operation was one of choice 
for the particular pathology, that is, in cases in which the cervix was diseased and 
in which there was a prolapse. The operation is not indicated in all cases, but ono 
should be able to do a hysterectomy either by the vaginal or by the abdominal route. 
In his series of 200 case3, lie had the extremely laudable mortality rate of less 
than 0.5 per cent, 1 death. There was complete relief of symptoms in nil eases 
except one. Preopcrntivcly, 201 of the cases had leucorrliea and 205 had backache. 



Book Reviews 


A Textbook of Surgery. By American Authors, edited by Frederick Christopher. 
Cloth. Pp. 1G0S, with 1349 illustrations. Philadelphia, 1936, W. B. Saunders 
Company. $10.00. 


This new textbook of surgery is distinctive in that it is not the work of a single 
individual or of a small group of men, but the product of the combined labors 
of some 180 contributors, each eminently qualified to discuss the topic assigned to 
him. The research training, bibliographic knowledge, and wide experience of the 
individual authors leave their imprint upon the pages of the book. 

The general outline is much like that of other textbooks of surgery, although in 
some respects there are departures from the traditional pattern. The early chap- 
ters deal with inflammation and bacteriology, but the discussion of aseptic surgical 
technic is found near the end of the book linked with some excellent chapters on 
minor surgical procedures, anesthesia preoperative and postoperative care. Diseases 
of the thyroid gland and of the islands of Bangerhans are discussed under the 
heading “The Endocrine System’’ rather than in the sections devoted to the neck 
and the pancreas. 


The text embraces the broad field of the general surgeon and includes special 
chapters devoted to orthopedic surgery, plastic surgery, and gynecology. Roentgen- 
ology) diagnostic and therapeutic, is given space commensurate with its importance 
in surgical practice, an entire chapter being devoted to this subject. 

No very rigid outline has been followed in the writing of the different sections, 
but there is the usual division of material under descriptive headings such as : defini- 
tion, etiology, symptoms, diagnosis, prognosis, and treatment. There are only 
occasional brief references to the history of surgery. Some authors more than 
others have stressed the fundamental sciences upon which surgery is based. The 
lack of uniformity in this respect is not due necessarily to the varying points of 
view of the different contributors, but is due largely to the nature of the subject 
requiring elucidations. For example, in describing the treatment of fractures, 
ficquent references to anatomic facts are found to be helpful; and in the section 
on diseases of the thyroid gland, fundamental data concerning not only gross and 
microscopic anatomy but embryology, physiology, and chemistry are included. The 
importance of bactoriologic data is not always stressed sufficiently, but there are 
sections in which bacteriology has been given adequate consideration, as in the case 
of acute empyema. Perhaps it is sufficient that an early chapter deals with the 
relationship of bacteriology to surgery. 

lhc discussion of the many aspects of clinical surgery in this book includes 
references to some of the newer principles and methods of treatment. In the sec- 
tion on fractures are to he found the modern methods of skeletal traction, “wcll- 
e f-u ' v n " <l U ^ c?cri Ption of operative procedure in fractures of the femoral 
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jS r o outstanding weaknesses or obvious misstatements were encountered. A few 
subjects, notably resuscitation and chrome empyema, are discussed so briefly that 
these sections of the textbook will be of little value to the student or practitioner 
who is seeking information on these subjects. 

One may well question rlie logic of the arrangement of some of the material 
in this book. The chapters on roentgenology and gynecology inserted after plastic 
surgery and preceding the sequence “The Head,” “The Keck,” “The Breast,” 
etc., appear to be out of place. However, as the index is adequate, no difficulty 
should be encountered in discovering the material to be found in these or in any 
other chapters. 

Everything considered, Christopher’s Textbook of Surgery deserves high recom- 
mendation. As a modern, practical textbook of surgery, it has no superior in the 
English language. 


Post Graduate Surgery, Vol. I. By Rodney Maingot. Two volumes. Pp. 1712, 
with liiSO illustrations. JCew York, 1036, D. Applefon-Century Company, liic. 
$15.00 each. 


This volume, the first of a group of three under the title Post Graduate Surgery 
by British authors, appears with an American foreword by Hr. Eugene H. Bool 
and an introduction by the late Lord Moynilian. The editor is Mr. Rodney Maingot, 
senior surgeon in the Royal Waterloo Hospital. This volume of 1712 pages con- 
tains in five parts chapters on the following subjects: the abdomen, the rectum and 
anus, x-ray diagnosis, and radium treatment. Twenty authors have pooled their 
knowledge from special fields to make this an authoritative text. A complete and 
useful index is appended also. 


In three major sections written by the editor, viz., surgery of the stomach anil 
duodenum, the biliary passages, and the spleen, a standard of excellence has been 
set which is rarely surpassed in the writing of medical texts. The well-balanced 
and temperate consideration of the subject matter in all these sections is deserving 
of high commendation. Sections equally meritorious are written by Hamilton 
Bailey on the vermiform appendix, in which arc well described the operative treat- 
ment as well as the conservative management of late cases; by A. dohn C'okkinis 
on intestinal obstruction and peritonitis, and by \V. Ernest Miles on the rectum 

I -mus. The latter section alone occupies 222 pages. The chapters on anesthesia, 
x-rnv diagnosis, and radium treatment, though considerably briefer, are well done 
and constitute reliable sources for useful information in each field. 

The task of an editor in directing the publication of a work of this kind is no 
V It' matter, and the difficulty of securing the same standard of performance by 
• R ' thors becomes readily apparent. The seniees of an artist whose function it 
all au ^ | 1!lYe ; ,li illustrations conform to a certain standard could be 

"°it W -mnlovcd in such an enterprise. The appearance of the text would thereby 
* .••itih- augmented. Implication, some of whirl, is ireful, has also crept i«. 
be approi • . evident in the chapter on peritonitis, where some of the details 
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provincial expressions not understandable to the general reader are found here and 
there. The reader may, with some justifiable irritation, inquire what is the Graham 
ladder diet or the Lawrence line ration diet and what is lcerol. 

The reviewer would have liked to have seen Devines’ interesting operation for 
carcinoma of the colon described at greater length ; yet no reference to it appeared 
in the bibliography. Mr. Wakeley in the section on the colon also minimizes the 
importance of acute obstruction of the colon and fads to point out the danger of 
perforation, particularly of the cecum. One is led to wonder why exteriorization 
of the colon is spoken of as the Mikulicz-Paul operation, particularly since Mikulicz’s 
description of the operation was made in 1903, and Paul, a native Englishman, 
gave a lucid description of iris operation in 1900. It should also not be forgotten 
that exteriorization of the colon was well described by the Danish surgeon, Bloch, 
in 1892. Gokkinis leaves the reader with the wholly erroneous impression that 
roentgen examination with the scout film of the abdomen is unnecessary in the 
diagnosis of bowel obstruction. His statement that sudden decompression of the 
bowel obstruction is dangerous would appear, to need more proof than is now avail- 
able upon tlie matter. In the light of Eiselsbco g’s experience with gastric exclusion 
performed simultaneously with gastroenterostomy for duodenal ulcer, this procedure 
would not seem to have much justification. 

This authoritative and practical volume on surgical subjects by British authors 
is not a provincial surgical treatise; it has absorbed the best and newest from all 
surgical literature. It should find an enthusiastic reception by an audience of 
American surgeons. The second volume has already appeared, and the third will 
be awaited with interest. 


Textbook of General Surgery. By AVarren H. Cole and Robert Elman. New York, 

1936, D. Appleton-Century Company. 

The ever widening realms of surgical endeavor, the rapid advances made during 
short periods of time, the present-day tendency of intensive specialization, and 
tlie diversified and controversial opinions held on many subjects make the writing 
of a satisfactory textbook of general surgery an almost Herculean task. Thus, 
flic appearance of a new textbook covering tlie entire field of surgery compiled 
and edited by two authors is worthy of some consideration, if from no other 
standpoint than to applaud tlie indomitable courage and the diligent assiduity 
required in the preparation and completion of such an operose undertaking. The 
authors deserve more than this commendation, however, as they apparently fully 
appreciated these obvious difficulties and have confined themselves, as they state 
111 exordial remarks, to the simple compilation of the more important 

principles of surgery for the undergraduate student. In the prefatory words of 
Lwirts Graham, to whom the book is respectfully dedicated, it “is the outgrowth 
fd a course given to the junior students of the AVasliington University School of 
- edicine. ” With this idea in mind and without entering on any lengthy encomium 
it should he remarked that the authors merit unstinted approbation. 

lhe scheme anil manner of presentation differ little from that of most sur- 
gica texts. The early chapters consist of compendious considerations of the 
t.niirjing principles of inflammation and repair, surgical hactcriologv, asepsis 

"eL>rrhacr , V“ rKiC “ l mCtlu>Js ’ wolmds - '" isccl,aMOUS infections, and shock and 
!::S' l*™ * complete but succinct expositions of the more 

non devoted t„ the inv-T ****"* ^ ^ ^ Thc 

for it- lucid a„d hiHrum v 1,r0Strate P atien t » noteworthy 

n truune manner oi presentation. As would be expected, the 



480 


SURGERY 


No outstanding ■weaknesses or obvious misstatements were encoimtored. A few 
subjects, notably resuscitation and chronic empyema, are discussed so briefly that 
these sections of the textbook will be of little value to the student or practitioner 
who is seeking information on these subjects. 

One may well question the logic of the arrangement of some of the material 
in this book. The chapters on roentgenology and gynecology inserted after plastic 
surgery and preceding the sequence “The Head,” ‘‘The Neck,” “The Breast,” 
etc., appear to be out. of place. However, as the index is adequate, no difficulty 
should be encountered in discovering the material to be found in these or in any 
other chapters. 

Everything considered, Christopher’s Textbook of Surgery deserves high recom- 
mendation. As a modern, practical textbook of surgery, it has no superior in the 
English language. 


Post Graduate Surgery, Vol. I. By Rodney Maingot. Two volumes. Pp. 1742, 
with 19SQ illustrations. New York, 1936, D. Appleton-Century Company, Inc. 
$15.00 each. 


This volume, the first of a group of three under the title Tost Graduate Surgery 
by British authors, appears with an American foreword by Dr. Eugene 11. Pool 
and an introduction by the late Lord Moynihan. The editor is Mr. Rodney Maingot, 
senior surgeon in the Royal Waterloo Hospital. This volume of 1742 pages con- 
tains in five parts chapters on the following subjects: the abdomen, the rectum and 
anus, x-ray diagnosis, and radium treatment. Twenty authors have pooled their 
knowledge from special fields to make this an authoritative text. A complete and 
useful index is appended also. 


In three major sections written by the editor, viz., surgery of the stomach and 
duodenum, the biliary passages, and the spleen, a standard of excellence has been 
set which is rarely surpassed in the writing of medical texts. The well-balanced 
and temperate consideration of the subject matter in all these sections is deserving 
of high commendation. Sections equally meritorious are written by Hamilton 
Bailey on the vermiform appendix, in which are well described the operative treat- 
ment as well as the conservative management of late cases; by A. John Cokkinis 
on intestinal obstruction and peritonitis, and by W. Ernest Miles on the rectum 
•ind anus. The latter section alone occupies 222 pages. The chapters on anesthesia, 
x-rav diagnosis, and radium treatment, l hough considerably briefer, are well done 
and constitute reliable sources for useful information in each field. 

The task of an editor in directing the publication of a work of this kind is no 
V It matter and the difficulty of securing the same standard of performance by 
d authors becomes readily apparent. The services of an artist whose function it 
111 l h to try to have ail illustrations conform to a certain standard could bo 
woul e ^ in guc ], an enterprise. The appearance of the text would thereby 
well emp I augmented. Duplication, some of which is useful, has also crept in. 
bo appreci* ^ ev j^ ent j n the chapter on peritonitis, where some of the details 
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hospitals. Their grave misgivings about transurethral reaction as performed by 
those without adequate training are more than justified; they are perhaps a trifle 
too skeptical of its value and safety in more experienced hands. 

There are admirably concise discussions of stone and tuberculosis, and the con- 
sideration of neoplasms of the urogenital tract is noteworthy; however, it is doubt- 
ful whether many urologists have learned to expect quite so much from irradia- 
tion, or to be quite so skeptical of surgery as are the authors. 

Their observation that irradiation controls 29 per cent of all testicular tumors 
for five years, while radical operation controls but 17 per cent of selected cases 
is most interesting. The technic of irradiation with the x-ray and with radon is 
very fully described. 

Traumatic lesions are well considered, and the discussions of pre- and postopera- 
tive care and of derangements of the sexual function are especially well presented. 

On the other hand, certain criticisms should be offered. The book contains 
many widely used medical and urologic terms which cannot win the approval of 
the purist, such as the use of “physiology” for function, “perinephritic” for 
“perinephric,” or “perirenal” and “retropyelitic” for “retropelvic. 

More important than these trivialities is the absence of good general discussion 
of neurogenic visieal dysfunction and of pseudohermaphroditism, a lack common to 
most textbooks of urology. Nevertheless, the treatment of the paralyzed bladder 
traumatic myelitis by the avoidance of catheterization is admirably presented. 

The section on operations is valuable but occasionally somewhat sketchy, parti- 
cularly in the case of hypospadias where the only method of straightening the 
penis which is described in that of Hagner, and the only method of constructing 
a new urethra that of Ombredanne. It would be difficult for any one to compre- 
hend fully the details of the latter operation from the description in the text un- 
accompanied by diagrams. Surely the eminently satisfactory operation of Thiersch 
deserves mention; the subject should not be dismissed by saying that “the future 
of hypospadias lies in the hands of the plastic surgeon.” Such problems belong 
definitely to the urologist. 

It is difficult to refrain from taking issue with certain statements. For example, 
it is doubtful whether the bladder must always contain 600 c.c. to be palpable, 
that the calices, pelves, and ureters normally lie empty, that excretory urography 
would often be valueless except for the making of cystograms, or that the nocturia 
which precedes retention in prostatism is due to renal polyuria secondary to impaired 
renal function since it often occurs before the renal function is impaired. 

The statement that approximately 5 per cent of urologic patients die of pul- 
monary embolism is apparently a misprint ; also, one may question whether it is 
justifiable to tell students dogmatically thnt sudden emptying of the distended 
bladder is dangerous without submitting adequate proof that this is so. 

Finally it would be interesting to know what the authors meant by "vicious sexual 
hygiene, ’ ’ a rather vague term long in honorable use in urology. 

Notwithstanding these minor criticisms, this is an unusually satisfactory textbook 
of urology which should prove very useful to general practitioners and students. 


Diseases of the Coronary Arteries and Cardiac Pain. Edited by Robert L. Levy. 
Pp. 120, with 74 illustrations. New York City, 3930, The Macmillan Company. 
Price 50. 

ihe subduing of the great epidemic diseases and the concomitant “aging” of 
our population h.ue resulted iu the elevation of diseases of the heart to the posi- 
1 importance in medicine. The great increase in death rate from heart 
ii.t.i.e i. pructually entirely due to the increase in heart disease associated with 
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subjects of liver, gallbladder and biliary tract disease, and thoracic surgical diseases 
arc exemplary dissertations for undergraduate students. It is regrettable that not 
as much can be said for the last three chapters, which respectively consider the 
endocrine glands, gynecology, and the genitourinary diseases. However, the usual 
characteristic fluctuation in emphasis of various phases of surgery, according to the 
particular interest of the authors, is remarkably minimized. 

Following each chapter thero is a concise, pertinent, and up-to-date bibliography 
for those desiring greater detail. The illustrations arc profuse, demonstrative, and 
in general commcnsurato with tho text, but they are unfortunately marred by 
the mediocrity of the drawings. Although many of tho illustrations are borrowed 
from other sources, particular attention is called to the inaccuracy of crediting 
the original author. 

Its study is particularly recommended to the junior and senior medical students, 
who as a group require emphasis upon pathogenesis and necessitate tho presentation 
of the subject matter from the physiologic point of view in order to better under- 
stand the rationale of therapy. In accordance with this idea, the authors havo 
faithfully and laudably achieved their difiicult task. 


Urology. By E. L. Keyes and B. S. Ferguson. Sixth edition. Cloth. Pp. 607, 
with 343 illustrations. New York and London, 3936, D. Appleton-Century 
Company, Inc. $10.00. 


The recent appearance of a number of textbooks of urology differing consider- 
ably one from the other raises the question of what such a book should aim to ac- 
complish. The resulting speculations have led the reviewer to formulate the follow- 
ing objectives as reasonable. 

1. To supply the fundamentals in easily assimilable form to the medical student; 
2. to answer the practical questions of the practitioner who is not a specialist; 3. 
to supply the student of urology as a specialty with an understanding both of the 
fundamentals and of the details; and to serve him and the urologist already trained 


as a source of reference to tho literature. 

Keyes’ and Ferguson’s Urology fulfills the first two objectives but does not 
fulfill the third because it contains no bibliography, an omission doubtless made 
deliberately to avoid excessive bulk. Moreover, it is no longer possible to treat 
urology extensively from the third point of view in less than two, or possibly 
even three, volumes. 

Especially deserving of praise are the sections on instrumentation with emphasis 
on its purposes and dangers. There is a tendency among those just attaining some 
proficiency in instrumentation to regard “passing the cystoscope” as a neat 
trick and to forget that diagnostic cystoscopy is only a means of making a diagnosis 
not an act in itself. Such persons need the cautious reminders expressed in 
aD reactions The tests of renal function are well discussed from tho viewpoint 
these rea U j 0 i 0 gy. The discussion of congenital anomalies is good but fails to 
° f Student a working conception of pseudohermaphroditism. 

® 1T ° . 0 f the authors toward such controversial topics as nephralgia and 
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tamers. This would seem to provide more protection than it actually does, for the 
law is worded so as to require the government to prove that claims are fraudulent, 
before any action can be taken against the producer. He cannot he convicted under 
this law unless it can be proved that he actually knows that the claims are false. If 
he can convince the jury trying the case that he, himself, believes in the value of 
his product, he will be acquitted. Furthermore, this law does not hold the manu- 
facturer of a proprietary or patent medicine legally responsible for false claims 
which are made for his product through the various channels of public advertising. 
Proprietary medicines formerly labeled as specific cures for cancer or diabetes con- 
tinue to be sold, immune from prosecution, merely by a change of label and a 
limitation to collateral advertising of their claims to cure cancer, diabetes, etc. 
•Such advertising, particularly since the advent of the radio, reaches infinitely more 
prospective buyers than could corresponding claims on the label of the package. 

The present food and drug act provides no protection against the potentially 
dangerous drugs which are contained in certain "patent medicines." Detailed 
reports are given of serious toxic results, and of several deaths from the use ac- 
cording to directions of various nationally advertised and widely sold medicinal 
and cosmetic preparations. It is illuminating to see detailed reports of the con- 
stituents, the claims, ownership and promotion methods of many of America’s most 
famous remedies, such as Crazy Crystals, Cascarets, Jad salts, Tanlac, Jlarmola, 
Ileisehmann’s yeast, Cherry Pectoral, Vick's VapoRub, Lydia Pinkham’s Vegetable 
Compound (the virtues of which were recently extolled in a full-page advertise- 
ment in the new magazine Life ), etc. 

The fearlessness and frankness of the author in discussing these products excite 
the admiration of the reader. She would not dare to make the statements she does 
>f they were not true. Startling disclosures are presented concerning the adultera- 
tion, mislabeling, and false claims made for many foods which effective and per- 
sistent advertising lias led the American public to accept as standards of excellence. 
I he possibilities of poisoning with lead arsenate and pyrethrum from fruit and 
vegetables which have been sprayed with insecticides is considered at some length. 

The final chapter of the book presents an interesting story of the recent attempts 
to induce Congress to pass a new and more effective food and drug law. The bill 
which was formulated largely by the food and drug administration was introduced 
bj Senator Copeland in June, 1933. This proposed law would not do away with the 
so-called patent medicine business, but it would give the consumer a better idea 
as to what he is buying, and it would prevent false advertising claims as to the 
'alue of these various preparations. 

The introduction of this bill gave rise to immediate and determined activity on 
•he part of the patent and proprietary medicine groups and associations. Thev 
usually referred to the bill as the Tugwell bill because Mr. Tugwell had been 
interested in having some law enacted which would give the American public better 
protection in this regard than it has at present. On the one side, the food and 
' rug administration with the backing of certain consumer groups has been attempt- 
ing to convince congressional committees that a better law should be passed. On 
the other side, the manufacturers and jobbers of proprietary medicines, employing 
powerful lobbies, bringing pressure upon advertising agencies and through them 
upon nev.spajx.rs, magazines, retail druggists, beauty parlors, and other retail cor- 
poration-,^ have been attempting to block the passage of any law which will curtail 
t nr profit". It is ;i most interesting and enlightening, although disheartening 


Tie 


author 


.., , ,h:,t ‘‘there is going to be a law." If the American 

" i " 1 " K “ presented in this book, this prediction doubtlc-s 

. : ’ r :' 1 ,h ;' t v, r - v promptly. Unfortunately, facts such as these will 

I ..n;. con*i".eraole proportion of the population. Public opinion will eon- 
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hypertension mill with disease of Hit’ coronary arteries. Within a period of only 
twenty years, our knowledge of the anatomy nml the physiology of the coronary 
arteries, as well as our knowledge of the symptoms and signs of heart disease 
associated with disease of these arteries, has increased enormously. Within this 
same period of time the mechanism of cardiac pain has been elucidated. Surgical 
measures for the relief of cardiac pain and for the treatment of the heart failure as- 
sociated with disease of the coronary arteries have been devised quite recently. 
Knowledge in this field of such great importance to the physician is widely scattered 
in journals of physiology, pathology, medicine, and surgery. 

Physicians and investigators have long felt the need for a comprehensive sum- 
mary of our knowledge in this field. This work appears to the reviewer to meet 
admirably the needs of both the physician practicing at the bedside and the in- 
vestigator working in the laboratory. Fourteen American physicians and scientists, 
who have themselves mado valuable contributions to our knowledge of the coronary 
arteries and their diseases, have contributed authoritative chapters to this work. 
Every chapter has a comprehensive bibliography to guide the student who desires 
to delve deeper. The practicing physician will not only find chapters on the 
physiologic and pharmacologic background for a rational treatment of angina 
pectoris, coronary thrombosis, and congestive failure due to coronary arteriosclerosis, 
but be will also find chapters devoted to a description of the medical and surgical 
treatment of these conditions. Tiie surgeon will find a brief but adequate treat- 
ment of ' the subject of ’'‘paravertebral alcohol injections, ganglionectomy, and 
posterior rhizotomy for the relief of cardiac pain” in James C. White’s chapter 
on this subject. Blumgart’s chapter on “total thyroidectomy for the relief of 
cardiac pain and congestive heart failure” will serve the surgeon as an introduction 
to this subject, upon which the last word lias not yet been said. Claude S. Beck 
contributes a chapter on “the development of a new blood supply to the heart by 
operation” which every surgeon will want to read. It should serve as a stimulus 
to some of the younger surgeons to join Bock in pioneering in this field. The re- 
viewer desires to recommend this book very highly to all physicians. 


American Chamber of Horrors. By Ruth DeForest Lamb, New York, lf)36, Farrar 
& Rinehart, Inc. 

The title of this book suggests cither a detective story or a glance behind the 
scene of an inquisition room of a prison or court. Actually it is neither. It is the 
■ s'de story of the government’s fight to protect consumers against danger to 
! nS, )t]l J;fe ' aTU l pocketbook. The title is the name which the press applied to the 
d 'bit of injurious and fraudulent products that the food and drug administration 
eX 11 ‘ illustrate defects of the existing pure food and drug law at the time 
set up . . " . .. . j .. H.p so-called Copeland bill, was being considered by 

that a revision of tiu» mu, ‘ ' * 

Congress. c foo q a nd drug law exists, the public places infinitely 

Realizing >■ ’ protection which they think this law provides than the facts 

more confidence i 1)00 g shows, largely by illustrative cases, the loop- 

of the situation p 0rn ,it well-known quacks to continue to exploit 

holes in existing cgi ■ ^ character of their businesses is thoroughly understood 
the public even t IDU ^' fe deral government. The present law merely closes the 
by various agencies o . commt rcc to products which are adulterated and 

channels of interstate and * 

misbranded. was enacted in R»00. In JP1”, it was amended to 

The existing T urc 1000 thcr!ip c„tie claims on labels of patent medicine con- 
forbid false and ^auduten 
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fume to be based largely upon misinformation disseminated by press, radio, and 
other advertising agencies which profit handsomely from the patent medicine busi- 
ness as it now exists. 

I ho appendix contains much interesting and valuable information relative to 
the fortune of the Copeland food and drug bill in Congress; the President’s mes- 
sage to Congress relative to this act; the roll call of the Senate on the proposed 
amendment to this bill; the provisions which are essential in an act to protect the 
consumer ; the costs aud ingredients of well-known cosmetics; the Quality grades 
of many widely advertized canned foods; the list of members of the Proprietary 
Medicine Association and of tiic Institute of Medicine Manufacturers (the reviewer 
was interested to find twelve members of the latter association in bis own city, ten 
of which were firms that lie did not even know existed) ; and the resolution of the 
American Federation of Labor relative to this law. The bibliography is extensive 
and specific for the various chapters of the book. 

The author of this book has made a significant contribution in presenting as 
an absorbing story a subject in which everyone is, or at least should be, vitally 
interested. Physicians will -find it illuminating and interesting and will do well 
to recommend it widely. 


Books Received 


The receipt of books is acknowledged in this section and this statement must 
be regarded as sufficient acknowledgment of the courtesy of the sender. Selec- 
tions will be made for more extensive review dictated by the interests of our 
readors and as space permits. 

'■ WILLIAMS OBSTETRICS: A TEXTBOOK FOR THE USE OF STUDENTS 
AND PRACTITIONERS. By Henrieus J. Stander, Cornell University Medical College. 
Cloth. Price $10. Seventh edition: A revision and enlargement of the text 
originally written by ,T. Whitridge Williams. Pp. 1209, with 729 illustrations. New 
York, 1930, D. Appleton-Century Company, Inc. 

LAW OF DRUGS AND DRUGGISTS. By William R. Arthur, University of 
Colorado. Cloth. Price $3. Pp. 4S7. St. Paul, 1930, AVest Publishing Company. 

THE PHYSIOLOGY AND PHARMACOLOGY OF THE PITUITARY BODY. 
By H. B. Van Dyke, Professor of Pharmacology, Peiping Union Medical College, 
Peiping, Ciiina. Cloth. Price $4.50. Pp. 577, with 55 illustrations. Chicago, 1930, 
University of Chicago Press. 

LECTURES ON EMBOLISM AND OTHER SURGICAL SUBJECTS. By 
Gunnar Nystriim, Professor of Surgery, University of Uppsala, Sweden. Cloth. 
Price $3 Pp. 213, with GG illustrations. Baltimore, 1.93G, Waverly Press, Inc. 

THE LUNG. By William Snow Miller, Emeritus Professor of Anatomy, Univcrsity 
f Wisconsin Cloth. Price $7.50. Pp. xiv plus 212, with 122 illustrations, 20 in 
colors. Springfield, HI., 1030, Charles C. Thomas, Publisher. 


Erratum 

so r.f the January issue, in the article by Scudder, Zwemer, and Trusz- 
On P a S e ' ((Pnt *,ium in Acute Intestinal Obstruction,’' paragraph 2 of the 
kowski entitled iuuu • 

summary should read ^ ^ afl . r ;|,ed to some combination of dehydration, tissue break- 

“The potassium rise is - consequent adrenal and renal dysfunction 

eiin,ina,ion ' 
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During the past twenty years, I have employed a metiiod for this kind 
of examination which in two ways seems to me to be superior to those 
mentioned above: 

• 1, In producing an irritation of such an intensity that the effect on 
the capillaries and small arteries becomes very large, probably maximal, 
thus giving the largest possible degree of hyperemia which is feasible in 
the actual condition. 

2. In using the degree of another inflammatory reaction, viz., exuda- 
tion and its clinical effect, the edema, as a measure of tire vital response 
of the tissues to irritation and the presence of the lesion. 

The method is based on brief freezing of the skin with the aid of 
carbon dioxide snow. 

Fluid carbon dioxide is sprinkled in a little bag of velvet or leather, 
where it gathers in the form of snow. The snow is shaken out in a 



l'lg. 1. — Bag with carbon dioxide .snow, funnel, p’ston, and mallet for forming 

the ice-rod. 


metal tube with a diameter of about 20 mm. and packed to a firm rod 
with the aid of a metal piston and a mallet (Fig. 1). The ice-rod is 
seized with a piece of gauze, its sharp edges are rounded off by sliding 
a piece of metal against them, and then the end of the rod is pressed 
against the skin for three seconds successively over the area to be tested 
in spots at a distance of 5 to 10 cm. from each other. The procedure 
begins at the most distal point to be tested and continues upward at a 
smart pace. For comparison t he same procedure is repeated on the cor- 
responding parts of the other limb. 

In normal cases the white frozen spots of the skin thaw to normal 
consistency and color in about one minute. And then in another minute 
the hupnemut sets in ami soon becomes maximal. 

The speed with which the hyperemia sets in and the grade of its 
mtensitj a lord a certain guide as to the condition of the arterial supply 
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Thus it has been a quite appropriate suggestion to try to produce a 
hyperemia ■ in the diseased limb or at least in its integuments, and to 
examine the amount of increased filling of the capillaries as a method 
of judging the vitality in the actual parts. By such a procedure it 
would also be possible to get an accentuation of the limits between satis- 
factory and insufficient blood, supply. 

Moszkowics proposed (1907) 1 to produce this hyperemia by strangling 
the limb for a few minutes with an clastic band. This leads to an 
increased filling of the capillaries (by a temporary paralysis of the 
vasoconstrictor nerves?) to such an extent as the arteries are capable 
of supplying them. In most common cases where this examination might 
be desired, viz., the cases of arteriosclerotic gangrene, the method, how- 
ever, seems to involve a certain risk of the chalk-inerusled, frail walls of 
the arteries being injured by the compression and thus eventually caus- 
ing a more extended occlusion of the vessels by thrombosis. That is 
exactly one reason why we do not use Esmarch’s bandage for the am- 
putation itself in such cases. Moszkowics later ( 1913) 2 expressed the 
opinion that strangling is often unnecessary and that the changes of 
color of the skin by elevating the limb or bringing it into a dependent 
posture suffice for the test : in the case of a disturbance of the arterial 
supply, the elevated limb may assume the pallor of a corpse, and the 
increasing rubor of the dependent limb may be delayed. It is, however, 
a fact that the changes of color due to this simple method are as a rule 


too slight to be of sufficient value for testing the amount of the blood 
supply. Even with the original Moszkowics method, the hyperemia is 
not always well pronounced, and its limits may be quite diffuse. This 
may be still more the case in producing the hyperemia by rubbing the 
skin, even if in so doing an irritating substance is used, for instance, 
ether-alcohol (Sandrock, 1913 ). 3 

Lewis’ cutaneous histamine reaction (the hyporcmic “flare” after 


intradermal injection of 0.1 c.e. of a solution of histamine acid phos- 
phate) has been used for tlie same purpose by De Takats and Mac- 
kenzie/' I have no personal experience with this method, but I think, 
however, it may prove to be a good test. 

As to the value of examinations of the superficial circulation for the 
1 cision of the proper level of an amputation, it must be remembered 
C , C t satisfactory response in the skin does not guarantee a sufficient 
Wood sunplv to the deeper parts, especially to the bone. But as an 
' Jjicij in most cases, corresponds rather well to the exact 

orient renditions also in the deeper tissues, the examination of 
circulatory con* >« » “ . „„si t wi«„. Ac km 

A- »>»« Z ’ prctoctc must thereby be „ive„ method, rtfch 
been saict f ! ^ on j v 0 f the actual circulatory conditions in 

give us an accoitn . ^ , {s eapa biJity- of responding to an in- 

bl00d ** leVCl “ 
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When comparing the effect of the test on both extremities, it is 
essential to keep them in the same position, preferably the horizontal. 
In a dependent posture, the speed of refilling the anemized capillaries 
will increase manifold on account of the higher hydrostatic pressure and 
the stasis in the veins, which throw their blood back in the emptied 
capillaries. For instance, when the- refilling in the horizontal posture 
takes a time of 4 seconds, it may require only 1 second when the extrem- 
ity is dependent. 

In normal conditions an edema begins to appear in the spot after 10 
to 15 minutes and soon brings about a slight, sharply limited elevation 
of the skin. At the same time, the l^'peremia vanishes under the increas- 
ing compression of the inflammatory exudate in the tissues, and the 

Ifornal nale, 59 years, lower part of upper arm 



swollen spots of the skin become more or less pale in contrast to a diffuse 
corona of hyperemia in the surrounding parts (Fig. 5). By and by the 
edema disappears, eventually leaving a little blister on the surface of 
the skin. The hyperemia returns, but some hours later the red color can- 
not. be pressed away; the blood is now partly extravasated. The spot 
assumes a more eyanotie color which fades away in a few days, sue- 
cecded gradually by a faint pigmentation. The epidermis shows the 
usual thickening and exfoliation of its superficial layers as sequels of 
tlie slight “burn.’' 

Ihc freezing itself gives almost no discomfort and affords no subse- 
quent inconvenience to the patient. 

7 he temperature of lh c frozen spot has been examined with the aid 
o a usun maximum skin thermometer applied on a single frozen spot 
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(Fig. 2). But a more accurate means of testing is possible when the 
maximum efteet is reached. With the tip of the finger, we compress the 
lyperemic spot for 5 seconds, then hastily remove the finger and with 
a stop-watch count the seconds which elapse until the spot has again 
reached its maximal filling with blood (Fig. 3). Under normal eondi- 



Fig. 2. — Scots of hyperemia about 3 minutes after the freezing in a case of 
arteriosclerotic gangrene of left foot Upper figure, sound leg: maximal hyperemia 
in all spots but the lowest on the foot where its intensity Is somewhat feebler. 
Lower figure, gangrenous leg: almost no response to the freezing on lower half of 
leg and on the foot. 



mi, n refilling test 1, pressure with finger 5 seconds ; S, finger removed : 

F E ' anemic spot : 3, beginning refilling of blood ; h full hyperemia. 


tions and in a horizontal posture, the refilling of blood takes an average 
time of from Ho 2 seconds. The return of the blood to the anemized spot 
‘ of a flaming character. With a bad arterial supply, the time may be 
1S ° j a 10 15, 20 seconds, or more. The intervals arc noted with 
CX 1 ten e , hc skil j at ’ the side of each spot and inserted in diagrams of 
corresponding sides of both extremities stamped on the history sheet. 
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applications I have found it safer to choose a somewhat higher level, 
10 to 15 cm. above the lowest spot with good response of hyperemia 
and edema. 

CASE REPORTS 

The following short records and pictures give an idea of the method which makes 
further descriptions unnecessary: 

Case 1. — Man, aged thirty-five years. Thromboangiitis obliterans (Buerger’s dis- 
ease) of arms and legs. Top of left long finger gangrenous. 

Oseillometric examination: oscillations on both arms definitely less than normal; 
on left arm less than on right. 

Freezing response: normal with exception of base of long finger of left hand, 
where a faint hyperemia appeared later ; the refilling of blood after anemization was 
delayed; and the wheal formation of the frozen area was delayed and reduced 
(Fig. 5). 


Case 2. — Man, aged fifty-five years. Thrombosis of bifurcation of aorta with 
embolus of right femoral artery. Freezing response: left leg normal, right leg no 
response below middle third of thigh during first 5 to 10 minutes, then hyperemia 
also in a spot on lower part of thigh (Fig. 0). 

Case 3. — Man, aged seventy-seven years. Arteriosclerotic gangrene. Since youth, 
following trauma, recurrent ulcer on left leg. Otherwise in good health. Last 2 
years increasing circulatory disturbances of left leg. Gangrene of left foot and 
lower part of leg now sot in. General condition, bad. No glycosuria. 

Freezing test: after 3 minutes, hyperemia only in the spots above knee with 
decreasing intensity downward. Later on slight hyperemia also below the knee, 
less pronounced the more distal the level; only surmised in the vicinity of the 
gangrene (Fig. 7). AVheal formation only in the spots above the knee. Refilling of 
blood after anemization of the spots occurs with decreasing rapidity downward. 

Amputation above the lowest spot showing wheal formation. Died ten days later 
of increasing weakness. 

Postmortem : stump without necrosis of the skin. Wound partly open at the 
surface, necrosis of musculature and fasciae of the size of an almond in vicinity of 
ligature of femoral artery. In this vessel, there was a newly formed thrombus pro- 
ceeding upward in the external iliac artery; nowhere did it seem to be of earlier 
date, and only adhered loosely to the wall of the vessel. The lumen of the artery 
was wider previous to the thrombus formation. 


Case 4. Woman, aged ciglity-one years. Arteriosclerotic gangrene. Fifth toe 
almost whole of fourth, and lateral part of third toe of right foot mummified. Some 
superficial ulcers on dorsum of foot. Cyanotic discoloration and edema of whole 
dorsum and distal parts of sole of foot. Cyanotic discoloration of heel soon after 
admission. Rigid arteries on both sides. No varicose veins. No glycosuria. 

7 r c<"t<7 response: normal on thigh and leg down to about a hand’s breadth above 

r !•? 11CXt 1,01,0:1(11 this level only faint red; on the foot onlv 

slight touch of hyperemia. ' 

During tin follmuiig months, gangrene proceeded to second toe and lateral 

Linking with Xck grm!uS n t0C V hCn detaC '‘? d g °° l1 "* 0 Und 

lion, surroundings cvanotil v , ‘ SI>0t wi,h ' lom ^°a- 

dorsalis pedis. ' Nowhere was pulse felt in popliteal artery or arteria 
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with a diameter of about twenty millimeters under a cover of felt 
(Ipsen’s method) and another thermometer applied in the same way on 
a control spot of the skin at the same level of the extremity. 

During an interval of several minutes after the setting in of the 
hyperemia, the temperature of the frozen spot is lower than the tempera- 
ture of the control spot. Under normal conditions (observations on two 
males of twenty-two and fifty-nine years of age, respectively) it does not 
reach the degree of temperature of the surrounding skin until about 
8 to 9 minutes after the freezing, but then it continues to rise and 
reaches a maximum of 0. 8-1. 2 degrees Celsius or above the normal 
skin temperature at. the same level of the extremity (Fig. 4). 








ill a ease of Buerger’s disease with gangrene of top of 
Fig. 5 .— Freezing !>spon. c 111 a ^ at th0 base of tllc i on g finger, where both 

long finger: nonnal formation are definitely reduced and delayed. Top figure shows 

KgSSSg (^owcr’^ire^whoai formation. 


hyperemia 

This observation of hyperemia existing as long as 7 to 8 minutes before 
tiK , hvneremic spot has reached the nonnal level may 

tirsr su- *- «■ '»■»><-""' - * » 

possibl} , an d that dilatation of the small arteries, which 

of the <*^**^**’*2 active inflammatory reaction, sets in only 
occurrence m ' . << {npor ” or perhaps of contraction of the 

after a certain ^ to^rmic injury. This suggestion is sup- 

arteries caused^ e ^ ema bcg5ns to occur at about the same time as 

ported b> tl flbove t i, c normal level. 

the temperatm liel , t ion of the results of the examination, I 

As to the practica ‘H jo n S jmln0(liate! v above the lowest spot 
first tried to make the . P and , v1iea l formation, but in later 


which showed a gc 
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New freezing test in order to determine level of amputation (rig. 8). 

Sound leg: hyperemia in all spots, even on the foot, 'wheal formation in all 
spots, with exception of one spot on the foot (?). 

Bad leg: hyperemia as on first examination two months previously, thus faint 
on foot and lower half of leg, normal above middle of leg. Wheals faint or absent 
below middle of leg; quite unexpectedly a rather definite wheal, however, appears on 
lateral part of foot quite near border of the toe-defect. Thus: superficial circulation 
above middle of leg rather good and not impaired during last two months in spite 



. , r)B - Vrr. Frc ^ z . nB response in a case of arteriosclerotic gangrene: no hyperemia 
below middle of leg, but definite wheal in a spot on lateral part of foot. A level 
of amputation: IS, definite wheal; O, gangrene. ’ Je ' el 


ot proceeding toe gangrene; at the time below middle o£ leg bad, but irregular; the 
wheal formation in a frozen spot on the top of the foot denotes a restoration of 
circulation. 

Amputation nt middle of leg above the lowest spot with well-marked hyperemia 
nnd wheal formation. Weak pulsatile bleeding from both the tibial arteries. A 
narrowing of the anterior tibial artery bv sclerosis was found immediately below 
the place where the vessel was severed. Both the tibial arteries could bo injected 
rather well with minium emulsion, the posterior vessel with better results tbnn 
the ot ler. A essols of the skin were thereby injected all over, though sparsclv. 








•v'V v- 
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The wound seemed to heal perfectly. Following a postoperative rise, the tempera- 
ture was normal on the fourth to the sixth day, but then rose again. On the ninth 
day, the edge of the wound was somewhat red and moist to some extent. It was 
opened here, and about 2 cm. beneath this part of the wound a small cavity filled 
with grayish pus and some necrotic shreds was found. 

The patient died from bronchitis two days later. 

Postmortem: femoral artery shows a free lumen; wall of vessel without note. 
Lumen of popliteal artery free until last 2 cm. where a small thrombus is attached 
to the wall, yet only slightly narrowing the lumen. In the anterior and posterior 



„ rosnonse in a ease of arteriosclerotic gangrene. Sound leg. 

Fip. s “ Lflnifc wheals in all spots. Bail leg: hyperemia delayed ami 
after 1 0 minutes. n hvneremin in area surrounding ulcer; after 10 minutes no wheals. 



"flRInfot blood.' Gangrene of left great toe. 


• on thrombus and no narrowing of the lumen. No necrosis of mmeu- 
tibial arteries, exception of the above mentioned. Definite arteriosclerosis of 

Mure or shin «' ‘ infiltration of myocardium. Free excavated old 

aorta and coronary jewels, 

thrombus i sovcn tv-fivo years. Gangrene of gnat toe and ulcer of lep. 

CASE 5.— Man, age so ' twbanccs of ]eft l e g, pains in great toe; a few days 

Rather acute etreuia ) ■ pulsations of popliteal artery disappeared; 

iater gangrene of toe set m. A co 
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ulcer developed on outer side of leg. Frightful pains in leg and foot. Impaired 
sensibility of foot. No varicose veins. No glycosuria. 

Freezing test (see Figs. 9 and 10). 

The following week a definite improvement. Gangrene does not proceed. Re- 
maining hyperemia in spots of left leg and foot still obviously feebler than that cor- 
responding on sound side. Refilling of blood on sound leg now in 1 to 2 seconds, of 
“ flaming ' ’ character, on bad leg at the knee in 3 seconds, near ulcer in C, and on 
foot in 8 seconds. 


Case 0. — Man, aged eighty-two years. Diabetic gangrene at the top of left foot. 

Amputation of right great toe two years ago, then amputation of right thigh for 
rapidly spreading gangrene. Well healed. For one year, ulcers have been present 
on the left great toe; now gangrene at the top of foot; other parts of foot cyanotic, 
swollen. Pulsations in arteria dorsalis pedis. Upper parts of foot warm. Peripheral 
arteries rigid and very tortuous. Glycosuria. 

Freezing test (Fig. 11) : hyperemia in all spots until quite near the well-defined 
demarcation edge of gangrene. Refilling of blood after 5 seconds of anemization, 
complete in 2 to 3 seconds in all spots. Wheal formation, however, only in the up- 
permost two spots. Died a few days after the examination. 

Postmortem : injection of arteries with minium emulsion. Femoral and popliteal 
arteries well filled. Posterior tibial artery closed by thrombosis to some extent in 
upper third of leg and in whole middle third of leg, below this part well filled. 
Dorsal artery of foot well filled. Large parts of anterior tibial artery obliterated; 
only disconnected parts of its middle extent have received injection substance. 
Numerous beautifully injected small vessels in skin, musculature, and fasciae right 
down to border of gangrene. 

Thus both main arteries of leg obliterated to a great extent, but collaterals well 
developed. 
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If the greater and lesser trochanters are remoA r ed, the femur forms 
a tubular, curved lever; according to Meyer and Cullman, the tra- 
beculae of bone are arranged in the same manner as the trajectories 
of stress of a crane, being produced along the lines of tension and 
pressure. The pressure trajectories pass from the inner aspect of the 
shaft parallel with the inferior border of the neck into the head; the 
trabeculae of tension pass from the external portion of the shaft 
parallel with the superior border. These cross each other at an acute 
angle of about 45° just distal to the head. Wolff applied this prin- 
ciple to other bones and organs of the body and developed his famous 



ii. 


law of functional adaptation. Murk .Jansen, of Holland, disputed this 
theory, pointing out that such lines are not analogous to the trajec- 
tories oi a crane, since the Irabeenlae in the neck of the femur cross 
each other at an acute angle, whereas the trajectories of the crane 
cross each other at a right angle. Jansen believes that these lines are 
due entirely to forces of pressure and that tension lias no material 
influence. Roux lias demonstrated that tension inhibits osteogenesis. 
Irrespective of that, whether caused by pressure and tension, or by 
pressure alone, this arrangement of the trabeculae is constant and has 
a practical application to the subject. As these lines cross in the neck 
of the. femur, a triangle is formed in which there is less hone than in 
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adult, the neck of the femur forms an angle of about 125° with the 
shaft. In the aged, this angle is often decreased and may at times be 
as low as 115°. The weight of the body transmitted through the neck 
to the shaft is thus placed on an oblique axis, which, like the axis of 
a wheel, is mechanically efficient until impaired. The neck is also 
deviated forward at the junction with the shaft, forming an angle in 
the anteroposterior plane of about 15°. The head of the femur and 



, . , ,.„.. rs (,t) Bone craft neck of left femur for ununlteil 

Fig. 1. — Age. nnnration showing practically normal contour of head and 

•acUirc three years af following hone graft. Note pressure trabccula- 

ons along fine^f weight-bearing. 

, , „ thus on a plane anterior to the shaft and to the 
be acetabulum ‘ jf a bullet enters the femur perpendicu- 

rochanter. 0) t1 , c *o rea ter trochanter, it would pass below and 
arly to the cen ei femur; but if deflected upward at an 

oosterior to the icnc W ould pass through tlie center of 

: mg lc of 125° and forward , 

the femoral head. 
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shaft of the femur. The ischiofemoral band arises from the ischium 
between the lesser sciatic notch and the obturator foramen and is in- 
serted into the greater trochanter in front of the insertions of the 
pyriformis tendon and into the superior and postei’ior parts of the 
neck of the femur. The anatomy of the muscles of this region is well 
known, and requires no description except to mention the powerful 
external rotators which play a definite role in this fracture. The 
gemelli and obturator interims are said to rotate the head of the femur 



KIk. 3. — Arc. fifty-one years. Bone prnft after considerable absorption of neck. 

Almost normal function. 

backward after fracture. The iliopsoas and pyriformis pass over the 
neck of the femur, and it has been suggested that they become caught 
between the fragments in femoral neck fractures, although the prob- 
ability of tiiis is doubtful. 

As an adequate blood supply is the most important factor in the 
production of callus, a thorough knowledge of the circulation is neces- 
sary for an understanding of the process of healing, Wolcott has 
recently demonstrated an anastomosis between the arteries of the 
ligameutum teres, the head, and the posterior capsule. When a 
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other portions of the neck, producing a weak area which was described 
by Ward in 1838, and is known as Ward’s triangle, through which a 
fracture of the neck of the femur usually occurs. 

The hip joint is supported by powerful ligaments and muscles. The 
articular capsule is attached medially about the rim of the acetabulum 
slightly nearer the rim below and posterior^, than it is above and 
anteriorly. At the femur, the capsule is fixed anteriorly to the anterior 
portion of the greater trochanter, along the anterior intertrochanteric 
line, inferiorly on a level with the lesser trochanter, and posteriorly 



. vpor*? Bone craft operation following: ununited fracture 

Fig. S.—Age.forty-eigRtlcars ^sr ^ ncck Solid tmlon four months after 

operation?^ ^“oUfchTn^thrust of hip shght.r. 


' „ base of the neck of the femur above the posterior intertro- 
“*£ iZ but leaving nn crtracupsular space ot about three- 
, t „r, Inch The thickness and strength of the capsule vanes 
irtlis o . * +i,ere are three sets of auxiliary fibers, only 

di r e r errof suffident importance to be considered, i.e.. the 
V tl and the ischiofemoral ligaments. The iliofemoral, or Y- 
ofemoral a ^ ^ stron gest ligament in the body ; it is attached 

ranient ot 1>1 d > e£ jj a { e ly below and behind the anterior interior 

iove to the ilium unm greater trochanter and into the anterior 

line, and is insert e ™ lines n , far as the medial border of the 

tertroehantenc and spn. 
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femoral neck fracture occurs, the outer fragment of the shaft of the 
emur 1S rotated outward and displaced upward. Outward rotation 
pio uce y tiree forces; first, by the reflex contracture of the 
powerful abductor and external rotator muscles; second, by the ischio- 

£7t rr "’?■ is a “ iie tense as ,,,e s 

tlnrd, by the force of gravity which is influenced by the angle of at- 
tactaent of tie foot to tie leg. Tie outer fragment ia tins cl a plane 
above and faomg d.rectly forward, being completely aeparated from 
e pioximal flagmen t or head, which is usually rotated backward by 
the obturator mternus and gemelli. 



Fie. 4.— Age, fifty-nine years. Bono graft maintaining position of extreme coxa 
valga after complete absorption of neck. Resultant change of weight-bearing. Ex- 
cellent function. Same principle as osteotomy. This procedure in 1323. 

The theories of the more frequent occurrence of nonunion in this 
region may be considered as follows : 

1. Deficient circulation due to severance by the fracture of the main 
blood supply to the head of the femur which must depend upon vessels 
in the ligamentum teres and which may be more or less decreased in 
lumen as age advances. 

9 The circulation is regarded by some authors as sufficient to secure 

■ • ri.ooo pi ses accurately reduced but admit that the shearing 

union m tnose 
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of specimens in our laboratory and have corroborated Santos’ conclu- 
sions. These changes deduced from the investigation of Santos may 
be enumerated as follows : the head may remain alive, as indicated by 
roentgenologic examination which demonstrates that the bony struc- 
ture may become atrophic to the same degree as the surrounding bone 
in the ilium and the trochanters-, or the head may die and become a 
sequestrum, as demonstrated by the bone retaining the same density 



Ms. 7. Arc, fifty-eight years. Whitman reconstruction operation with almost normal 

function. 


ns at the time of the fracture, the sequestrated head, therefore, remains 

opaque or dense, standing out in marked contrast to the surrounding 
atrophic hone. 


Microscopic examination of the living head demonstrates atrophic 
changes; the trabeculae become thinner, and the narrow spaces are 
increased m size and substituted by fat. The articular cartilage be- 
comes thinner, and the subchondral marrow spaces mar so enlarge that 
.1., o, Crtitop. 5inks Wmv lUc eausin a ;-°““ 
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9. Functional use before nature has bad sufficient time to firmly 
consolidate new bone, impairs, or it may even cause disintegration of 
the reparative process. 

10. The synovial fluid may possibly have a deleterious action upon 
callus production. 

11. The head is a terminal fragment; somewhat similiarly, union 
often fails elsewhere in the body regardless of age, as in fracture of 
the external condyle of the humerus and the carpal scaphoid. 

12. The blood clot which is essential to early bone regeneration is 
said to be deficient in this fracture. 



13 The capsule may be torn and caught between the fragments; 
also certain muscles could possibly be interposed. 

* The physiologic reparative process differs from that of other frac- 
to such a degree that it may be regarded as almost pathologic. 
T 65 * chieflv in the behavior of the head or proximal fragment. In 
This is . • Astley Cooper, the head always becomes necrotic 

the opinion 0 ^ ^ Axhausen and Bonn at the present time 

and does no uni • ^ bceonl es necrotic. Santos, however, has made 
also state tha . , es {;„ a tioii as to the reaction of the head which 
an exhaustn^ini’es ! ^e We ]mYC a i s0 examined a number 
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regularity in the contour of the head. Microscopic examination of the 
necrotic head demonstrates the usual characteristics of dead hone, in 
that the lacunae are empty and the staining quality of the few remain- 
ing cells is impaired. Fibrous tissue invades from the fovea, which is 
probably instigated by the vessels of the ligamentum teres. New bone 
is formed by this tissue, until the entire head or any portion thereof 
may be restored to living bone. The articular cartilage dies, under- 
goes fibrillation, is exfoliated and absorbed. Adhesions form between 



the head and acetabulum, from which there may be further invasion 
of fibrous tissue which becomes converted into bone. 


When the living head unites and function is increased, the structure 
of the bone is gradually restored to normal in the same manner as the 
surrounding osseous tissue. When the living head fails to unite, there 
• <n-adual atrophy until only a small portion may remain. When the 
3S g *\ d unites,* the entire head may he gradually invaded from the 
c Ca ' * , fro m the distal fragment, or small sequestra may be extruded 
fovea an i Aobular contour of the head may become 

into the joint. Thus me , 
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more or less incongruous. When the dead head does not unite, the 
size becomes diminished by a process of erosion and is usually invaded 
by new bone until the entire structure is restored, after which the 
density and appearance are the same as that of the living head and 
the surrounding living tissue. 

Many operative measures have been employed for the relief of this 
deplorable condition. Before the mechanics were understood, excision 
of the head was employed with little if any improvement. But as soon 
as it was recognized that a firm bony support to the upper extremity 
of the femur was required, better results were attained. Operative 
measures for this purpose may be enumerated as follows: 

1. Bone graft, or so-called “pegging” of the fragments with a large 
autogenous graft from the tibia. 

2. Brackett operation which consists of scooping out the interior of 
the head of the femur, denuding the distal fragment, and placing it 
within the excavated head. 


3. Albee operation which consists in excising the head and dividing 
the shaft of the femur longitudinally for several inches, and deflecting 
the external fragment outward and placing the upper end of the femur 
within the acetabulum. The head of the bone is placed between the 
fragments, thus maintaining the trochanter outward, which restores 
the leverage action of the muscles. 

4. The Whitman operation which consists in detaching the greater 
trochanter with attached abductor muscles and removal of the head 
of the femur. The upper extremity of the femur is then placed within 
the acetabulum, and the trochanter is reattached on the external sur- 
face of the shaft of the femur several inches below the normal attach- 
ment, thus approximating the upper extremity of the shaft to the 
acetabulum and giving better leverage action to the abductor muscles. 

5 Reconstruction operation which consists of detaching trochanter 
and transplanting remodeled head as a graft to the lateral aspect of 
the femur, and reattaching the trochanter to this graft by means of a 
wire nail, restoring the normal fulcrum and maintaining the femur in 

the acetabulum. 

6 Osteotomy of the shaft of the femur at about the level of the 
■ trochanter, after which the shaft is displaced inward beneath 

iTwl and fracture line. The superior osseous support is thus re- 
t ed and at the same time the shearing action at tlw fracture line 


iniinate , f t at fj, e level of the tuberosity of the ischium 

Osteotomy ® of t ] IC fragments (Schmitz). After union of 

1 inwar n ” j ie f enuir and extremity is stabilized and supported by 
fragments, ie t.: s . the shearing action is also eliminated, 

lateral aspect oi the P • • 
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Pile author and his colleagues have employed all of these procedures 
with the exception of the last. A review of our private records of 
seventy-five cases in which operation has' been employed for central 
ununited fracture of the neck of the fe'iriur forms the basis of this 
discussion, the end-results of which may be enumerated by the fol- 
lowing table ; 

The bone graft operation was employed in thirty-six cases, but it is 
only indicated in those in which the neck, of the . femur is well pre- 
served, and in consequence is rarely advisable after the lapse of one 
year. The great disadvantage is the prolonged after-treatment which 



.lytr-onc rears. (A) Uminited fracture neck of femur, seventeen 
Fiy-, - Smiib-Petersen nail used : Rood approximation of fragments. 

SubtrMhantcrte'ostet^jmywlOi beginning union. Patient walking in brace. Apparent- 
ly good result. 

• ften required before the roentgenogram will demonstrate bone 
trabeculae traversing the line of fracture which is the only sign by 
llnh osseous union can be determined. This operation is the idea! 

, as per £ect anatomic restoration is possible, but as ninny 
V WnrW individuals cannot stand further prolonged confinement, the 
procedure is only advisable in selected cases. 

p , Brackett and Aibec operations m too few cases 

I have emp exce pt to state that I have seen excellent results 
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with each procedure. The reconstruction was usually employed in 
those eases in which a long period of time had elapsed, in aged indi- 
viduals, and in those with extreme absorption and separation of frag- 
ments. In approximately 60 per cent, the Whitman reconstruction 
operation will give excellent results and a fair chance of restoration, 
or at least a high per cent will be materially improved. Excellent 
results after this operation are relative, since the condition of the 
patient is by no means as good as in those eases in which the bone peg 



1 1-7?.- — Seo opposite page for description. 


operation succeeds. Two of the cases continued to use crutches but 
were relieved of pain and greatly improved ; they probably could have 
walked without support if they had been less apprehensive and more 
cooperative. The remaining twelve were able to walk with definite 
limp and were materially improved, much depending on the muscular 
restoration in the individual case. In two of i lie Whitman operations, 
the upper extremity of the femur could not. be maintained within the 
socket and dislocated or subluxated, giving an unstable hip which was 
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no improvement over the former state. This may have been due to 
the loss of proper leverage or to weak musculature. In a number of 
eases, a bony shelf was made from the ilium to deepen the socket and 
prevent this complication. 

The author has employed a technic (No. 5) which consists of detach- 
ment of the trochanter, excision of the head, remodeling of the upper 
extremity of the shaft, and placement of it within the acetabulum. 
The head of the bone is then denuded of cartilage and made into a 


. ,-.nne vcars. Subtrochanteric osteotomy four months after npera- 

Fig. 1 2 p"‘~Too' ear'ly to determine union, but patient lias excellent functional result. 



cube which is employed as a graft. An area is next denuded on the 
ernal aspect 0 f the shaft below the site of the greater trochanter 
d jeh the graft is approximated. The detached trochanter is next 
t° Zm down and closely approximated to the graft. Two rustless 
bl ° •!« ore now inserted through trochanter, graft, and shaft. The 
steel nai < attached at a lower level, and the transposed licnd 

trochanter ts ‘ outwar d, thus giving more efficient leverage 

displaces t le extremity of the femur within the acetabulum, 

and holding the upper ^ su j )S titttted, giving a more normal me- 
in other words, a new 
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chanical status. The procedure combines the principles of Albee and 
Whitman. In only one case can the result be estimated, and that was 
excellent. 

The osteotomies and plastic procedures are too recent to draw defi- 
nite conclusions. It is most interesting, however, to note that appar- 
ently excellent functional results have been secured in all of these cases 
by simply eliminating the shearing action at the point of fracture. In 
one case treated elsewhere by continuous well-leg traction for six 
months without union, in a debilitated woman sixty-six years of age, 
osseous union was induced in six months, and the patient has a most 
excellent result. In three eases, there was extensive absorption of the 
neck with such a wide separation between the head and neck that a 
closer approximation was made between the fragments by internal 

Table I 

BONE PEGG1XG 


Solid bony union 20 

Failure 8 

Unknown or too earlv 7 

Died ' 1 

Total 30 


KECONSTRVCTIOX 

Excellent 14 

Failure 8 

Unknown 12 

Died 1 

Total 35 


OSTEOTOMIES 

Excellent 1 

Too early 3 

Total 4 


fixation before osteotomy, as above described, was employed, tints pos- 
sibly enhancing union between the fragments, or at least producing 
more stability. In one instance, a Smith-Petersen nail was employed 
for this purpose, and in two cases, bone grafts. In two, the results 
are excellent, and one is too recent. At the recent Congress of the 
Internationale Orthopedic Association in Rome. Dr. Faldini. of Milan, 
demonstrated about twenty eases in which he had employed the low 
osteotomy in fresh fractures of the neek of the femur, thus supporting 
the limb by the lateral aspect of the pelvis. The results were excellent 
and amazing, the patients walking with scarcely a limp. 

This type of operation (Nos. C and ?) surely adds a new principle 
and procedure to our armamentarium. The surgical risk is much less 
and can certainly he employed under less favorable physical condition 
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than the other moi’e formidable measures, and it is quite possible may, 
to a large degree, supplant other surgical procedures, not alone in non- 
union but also to some extent in fresh fractures. 

The average decrease in the length of the extremity in the bone graft 
operation varied from one-fourth to one and one-fourth inches, and 
in the reconstruction operation from one-half to two inches,- however, 
this is not an element if better function can be secured. By these 
measures above described, there is reasonable chance of securing a high 
percentage of function in those in whom no improvement could be 
expected. 

The most important factor that I desire to- emphasize is the early 
recognition of nonunion in this fracture which is present in all cases 
not reduced under thirty days and in those in which there are late 
changes in the relation of the fragments. Better results with more 
muscle power are secured in those which can be operated on before there 
is extensive osseous atrophy. 

In the above survey, many months and often years had elapsed in 
a majority of the eases before aid was sought. Undoubtedly a much 
higher percentage of excellent results could have been secured if ef- 
ficient measures had been instituted earlier. 



DISRUPTION OP ABDOMINAL WOUNDS: AN UNSOLVED 

PROBLEM 


Arthur M. Shipley, M.D. 

Baltimore, Md. 

(From the Surgical Clinic of the University Hospital) 

W ITHIN the last six months, two patients, on whom I had per- 
formed laparotomy through a right rectus approach, suffered dis- 
ruption of the incision. In neither case was there any evidence of infec- 
tion of the peritoneal cavity, or of the incision. In one instance, the 
patient was fat and with a moderate jaundice at operation. She was 
fifty-eight years old, and cholecystectomy had been done. On the fifth 
day, there was considerable discharge of bloody serum in the dressings, 
and, when the wound was examined, there was complete separation of 
all the layers of the incision, but without any protrusion of abdominal 
contents. Careful examination of the wound edges from skin to peri- 
toneum failed to discover any catgut, except two knots lying free, and 
those were in the late stages of disintegration. 

The second patient was fifty-one years old, moderately fat, but without 
jaundice; cholecystectomy had been done. On the seventh postopera- 
tive day, there was an abundant discharge of bloody serum in the dress- 
ings, but the skin incision was intact, and it was thought that the ante- 
rior layer of the rectus sheath was not separated. He had no fever or 
unusual abdominal discomfort. His abdomen was not distended, he had 
not been vomiting and was apparently making an uneventful recov- 
ery. Ilis abdomen was snugly strapped with adhesive tape, and his 
convalescence was otherwise a smooth one. Within a few weeks, how- 
ever, following the upright position, he developed a large hernia, oc- 
cupying the entire length of the incision. 

In each of these patients, the wound was closed with continuous No. 2 
chromic gut in the peritoneum and posterior sheath of the rectus, and 
interrupted No. 2 chromic gut in the anterior sheath, interrupted 00 
plain gut to approximate the fat, and fine black silk in the skin. 

Hinton suggests that allergy may be the “explanation of wound 
dehiscence and incisional hernia,’’ and he used solutions of fresh sheep- 
gut in inf radennal injections on 112 patients. Nine of these patients 
showed a moderate local reaction. 

Babcock reported a number of experiments in which the local reaction 
01 imin an 1 issues to different suture materials was observed and stated 

lliw'lvM for publication. October 2?, 103G. 
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that both plain and chromic catgut gave a uniform, but varying local 
reaction, when imbedded in the skin. He called attention to the disap- 
pearance of catgut in disrupted wounds. 

Disruption of the abdominal incision is a serious postoperative mis- 
hap. In 1933, a symposium was held on this subject by the New York 
Surgical Society; as a result of that discussion, a number of excellent 
papers are in the literature. The following statement is from Hinton’s 
recent paper : 

"Papers were read by members of the staffs of five hospitals in New 
York, and Meleney and Howes reported 55 cases from the Presbyterian 
Hospital in an eight-year period, or an incidence of 1 per cent. They 
thought that the diagnosis had been frequently omitted from the records 
if there had not been a secondary closure and that 2 per cent would more 
nearly represent, the incidence of this 'catastrophe.’ Colp reported 29 
cases in 2,750 laparotomies, or an incidence of 0.9 per cent, from the 
Mount Sinai Hospital. Grace reported 44 cases in a fifteen-year period 
from the first surgical division of the Bellevue Hospital. White reported 
30 cases from the Roosevelt Hospital. Heyd reported 4 cases in 3,000 
laparotomies performed at the New York Post-Graduate Hospital in 
1932 and 4 personal cases. There was a total of 166 cases reported at 


the. meeting of the New York Surgical Society. Sokolov in 1931 re- 
ported the largest group of eases on record, numbering 725, based on the 
experience of 187 surgeons. He sent, questionnaires to 3,140 European 
surgeons. Eliason and McLaughlin reviewed 9,355 operations at the 
University of Pennsylvania Hospital and found 25 instances of dehis- 


cence. Maes, Boyce and McFetridge reported 44 cases in a ten-year 
period at the Charity Hospital in New Orleans. Baldwin reviewed his 
individual series and found that, in the past thirty-five years he had not 
had a single instance of dehiscence in 16,465 operations. After one 
studies these reports as to the cause, prevention and treatment of this 
serious sequela of celiotomy, it is difficult to evaluate the opinions ex- 
pressed by the different authors.” 

■When I first began operating, 1 followed the practice of most Balti- 
more surgeons of that period and closed the abdomen with fine silk from 
peritoneum to skin, using, in the main, interrupted sutures. This method 
J , nuin ber of objections. It is slow and tedious, and fine silk is rein- 
HvelV difficult to handle. It breaks easily if too much tension is put on 
’ liv if the second knot is snapped down too sharply. The 
it, espeCi * . t0 5t com es from its behavior in infected wounds, 
greatest o .3 -„aicc against leaving foreign material in the tis- 

Then, there n (o s}]k j,. is to do with the preoperntive technic, 

sues. Anotne J on t ( lc .spool, routine boiling will not com- 

If silk is wrappe - ^ <Tnu je localized infection may develop some 

pletely sterilize it, ami . ^ ation. The first and last objections may be 
•weeks subsequent o * sc 0 f the above factors, and in con- 

overcome by proP^ care. 
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sequence of the great improvement in the manufacture of catgut, I fol- 
lowed the general trend and began the use of gut. I often made the 
mistake of using larger catgut than was necessary and did not realize 
that a suture need not have any greater tensile strength than the struc- 
tures that it approximates, provided the suture continues to function 
until union is secure. 

During my service in a base hospital in this country in 1917, I did a 
great many hcrnioplasties using chromic catgut. These patients were 
all young. Most of them were thin and in excellent physical condition 
and were, of course, fine operative risks. We did not have any means of 
following them up ; the operative results seemed satisfactory. Following 
the war, for a period of about two years, I used catgut in all liernio- 
plasties and soon began to notice an increased percentage of recurrence ; 
since 1922, 1 have used silk, linen, or fascia. About this time I began to 
close the abdomen, except the McBurney approach, by a combined 
method, safeguarding the use of catgut by interrupted sutures of heavy, 
soft white silk including all layers of the abdomen, except the peri- 
toneum. This is a satisfactory method in my experience, except in fat 
persons in whom the interrupted silk sutures have a tendency to cut 
through if tied snugly and are apparently of little benefit if tied loosely. 

Since the two mishaps mentioned in the beginning of this paper, I 
have closed the peritoneum with fine, chromic gut, and the remainder 
of the incision with fine silk. I am writing this personal experience 
of vacillation and anxiety, because it is a fairly accurate picture of 
what has been occurring in the minds and experience of many surgeons. 

There is abundant evidence in the literature that behavior of ab- 
dominal incisions has been the cause of much uncertainty and perturba- 
tion. The reports fall in two groups. In one, research and investigation 
have been curried on to determine just, what happens in a wound under- 
going repair, and to observe how these changes are modified by chemical 
and physical agents. Harvey and Carrel especially have been interested 
in this phase of the problem. In the other group are found many clini- 
cal reports of dehiscence of the sutured abdominal wall. 

Two distinct conditions are found in incisions that fail to unite 
promptly. In infected wounds the etiology and pathology are under- 
stood. Serious infection of the abdominal incision will interfere with 
the normal processes of healing and may be followed early by rupture of 
the wound or later by herniation. The infection may be an extension 
from the abdomen, or a wound infection confined largely to the ad- 
dominnl wall. Usually the former condition exists. In severe infec- 
tions, it matters very little what method of closure is used, so far as the 
tendency to disruption is concerned. If gross rupture does not occur, 
u surprisingly good repair of the abdominal wall may be obtained, pro- 
vided the patient escapes the risks of the infection. 
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There is another group, however, in which observation and investiga- 
tion prove that wound infection does not play the major part, and other 
factors must be considered. But, in the meantime, hundreds of laparot- 
omies are being performed daily, and the possibility of disruption of 
the wound creates a risk to the patient and a state of anxiety in the 
mind of the surgeon. 


Dehiscence of the incision is followed by a death rate that is very dis- 
turbing. It is often difficult to separate the two groups in estimating 
the mortality reported in the literature. Much of it is due to infection, 
and the underlying peritonitis is chiefly at fault.. In this group the 
mortality is very high. In those patients where infection is not present, 
and where the condition is recognized promptly and reoperation im- 
mediately performed, the death rate is lower. In the Annals of Surgery 
for September, 1925, the writer reported five such secondary closures 
without mortality. 

In the combined group, however, the mortality is appalling. “Melcney 
and Howes found a mortality of 44 per cent, Colp of 28 per cent, Grace 
of 39 per cent, and Sokolov of 33 per cent. The mortality in the eases 
reported in this paper was 16.7 per cent. When the three fatalities are 
reviewed (Cases 13, 17 and 18) it can be seen that the primary cause 
of death was diffuse peritonitis. The uncomplicated cases of dehiscence 
of the wound rarely cause death if one is constantly watching for the 
first signs of this tragedy” (Hinton). The next sentence in Dr. Hinton’s 
paper immediately following the above quotation is very striking— 
“Dehiscence of the wound has caused me more consternation than any 
other sequela of abdominal operation.” 

Surgeons, therefore, are faced by a very real problem. What can be 
done to lessen the percentage of broken-down, uninfected abdominal in- 
cisions? There are many reports on the healing of wounds. Most sur- 
geons believe that clean wounds heal without any local aid, that wounds 
heal best when least disturbed by trauma or chemicals, and that the 
suture material should possess adequacy with the minimum of bulk and 


irritation. 

There are a number of anatomical considerations. The abdominal wall 
• attaelied to the costal margin, to the lumbar vertebrae, and to the 

, ••= When the patient is lying in the recumbent position, the spine 
^duelvis are relatively fixed and still, but the costal margin is moving 
and p ^ ^ wjt ], eac ]! inspiration, there is a lateral pull on the two 
constan y, ‘ n ten(ling to increase the tension on the suture line, 
sides ot ‘ is t0 the rib margin, the greater the degree of 

Thc nearer d nerv e supply «. impor.nnt talon, „lso. Thin 

pull. The developed muscle enter into the problem, and fat is 

fascia and pool %v ith healing, especially if it is allowed to 

a lubricant that mteifeies 
thrust itself between the woun o 
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A very important tiling is the transverse direction of the deeper layers 
of the abdominal wall giving poor support to the suture line of a vertical 
incision. Pool, in 1931, reported a method of closure with this fact in 
mind. One of the advantages of the transverse upper abdominal ap- 
proach is a more secure suture line. Lynn and others have called at- 
tention to this. 

There has heen a widespread belief in a number of factors outside the 
wound itself that hasten or retard tuiion. Among these are kinds of 
food, dehydration, infection in other parts of the body, especially in the 
chest, liver dysfunction, kidney damage, age, starvation, vitamins, en- 
docrine activity, abdominal distention, vomiting, etc. Conflicting state- 
ments are made by different observers, and there is considerable con- 
fusion, but evidence seems to be accumulating that, in addition to the 
above-mentioned causes, there occurs in certain incisions an undeter- 
mined type of wound reaction in which the usual processes of healing 
are interfered with ; and there is a distinct group in which infection, as 
we understand it, plays little or no part. 

There are two conditions, however, about which there is no question 
as to their ill effects upon wounds — blood supply and diabetes. It is an 
axiom as old as modern surgery that diabetes should he brought under 
the best control possible and kept there during the period of wound 
healing, and that both the general and local circulation should be safe- 
guarded. 

There are four important steps in pei'fonning an abdominal opera- 
tion. The first has to do with preparation of the patient, of the dress- 
ings, the instruments, the training of nurses and assistants, etc. The 
second is the operative approach. It is known, of course, that some 
incisions give less trouble than others. The third is the operation itself, 
which should he done gently, neatly, and thoroughly, having in mind 
immediate results, postoperative adhesions, and intestinal obstruction. 
These things are so well known that to repeat them is to be tiresome. 
The final step is the one about which there is lack of agreement, much 
anxiety, and no little grief — the method of closure. Many different ma- 
terials are used. No single way of suturing the wound edges has been 
proved uniformly satisfactory. The problem calls urgently for solution. 
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POSTOPERATIVE WOUND SEPARATION : REVIEW OP CASES 
L. S. Faults, M.D., F.R.C.S., Detroit, Mich. 

(From the Department of Surgery , Henry Ford Hospital) 

T HE discussion on postoperative wound rupture at a recent meeting 
of the New York Surgical Society lias stimulated renewed interest 
in this condition as indicated by the number of subsequent papers. 
It is fully realized that inferences drawn from a small series such as 
this may be misleading, but at the same time it is hoped that the 
presentation of this review will be a contribution to the general statis- 
tical studies on the subject. 

Postoperative wound rupture occurred in 50 of 7,903 consecutive 
laparotomies performed at the Henry Ford Hospital, an incidence of 
0.64 per cent. 

Inguinal and femoral herniotomies, strictly speaking, are laparot- 
omies, but they are not included in this compilation. The above figure 
is not a true index of the frequency of this condition. The actual per- 
centage of occurrence can be arrived at only by including those cases 
which leave the hospital with their wounds in an apparently satisfac- 
tory condition, but who subsequently develop postoperative ventral 
hernias. In the latter group, some degree of wound separation, vary- 
ing all the way from the protrusion of a small tag of omentum through 
the peritoneum and posterior rectus sheath, to the disruption of all the 
layers of the abdominal wall except the skin, must have occurred dur- 
ing the immediate postoperative state. That this condition should 
pass unnoticed is not surprising when it is considered that the ma- 
jority of eases of complete disruption are not recognized or even sus- 
pected until tiie skin gives away, and a viscus protrudes. 

It is our practice to perform immediately secondary closure on a!! 
cases. This is possible even in very sick patients, if they are moved to 
the operating room and operated on in their own beds. The use of 
local novocain? infiltration plus subcostal block provides adequate 
relaxation if general or spinal anesthetic is contraindicated by the 
patient s condition. In this series, 49 of the 50 eases, or 9S per cent, 
had a secondary closure done. 

ihe one patient on whom operation was not done was believed 
moribund at the time wound rupture occurred. Conservative treat- 
llu>nl ^ u> "'ouml by covering the protruding viscus with sterile 

l:<-."(v,-l f,„ |>nl>llrntl«n. 0<-tol>-r Cfi, tO'C. 
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gauze aud strapping the wound edges together with flamed adhesive 
resulted in recovery, but with the formation of a very large postopera- 
tive ventral hernia. Only the 49 patients on whom operation was 
done are considered in this review. 

AGE GROUP BY DECADES 
Table I 


DECADE NO. PATIENTS DECADE NO. PATIENTS 
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INCISIONS 
Table IV 


UPPER ABDOMINAL 


LOWER ABDOMINAL 


Paramedian 

16 

Paramedian 

23 

Linea alba 

6 

Rectus splitting 


Linea alba and T-extension 

3 

Pfannenstiel 


Pectus splitting 

1 

McBurney 

0 

Total 

20—53% 

Total 

23—47% 


In upper abdominal incisions, there were 26 ruptures, or 53 per cent 
of the total, and in tlie lower abdominal incisions 23 ruptures, or 47 
per cent of the total. The difference here is so slight as to appear in- 
significant. These figures closely approach the findings of Sokolov, 
who reviewed 730 eases and reported 57 per cent occurring above and 
43 per cent below the umbilicus. 


In this clinic, the paramedian incision with reflection of the rectus 
muscle outward is employed in biliary tract surgery, and ineison 
through the linea alba is used for gastroduodenal operations. Though 
the former incision is utilized much more frequently, the latter has 
definite advantages when speed is indicated, since the abdominal 
cavity 1 - is entered directly 7 through an avascular area. Another point 
in its favor is that none of the tissue planes are entered, thus safe- 
guarding against loss of tissue should wound infection supervene. 
Healing of the structures of the linea alba is often delayed as a result 
of the poor blood supply in this area. Some of the difficulty 7 may 7 be 
overcome by 7 imbricating the layers, a maneuver easy 7 to carry 7 out in 
cases requiring stomach and duodenal operations, since thei’e is usually 
an associated weight loss. The poor repute which this incision bears 
is not enhanced by 7 reference to Table IV where it is found that 9 of 
the 20 upper abdominal ruptures, or 34.G per cent, occurred in sections 
through the linea alba. In splenectomy 7 , the T-shaped incision, ver- 
tically through the linea alba and transversely across the left rectus 
muscle, is frequently utilized because it gives an excellent exposure 
of the splenic pedicle. The rectus muscle is seldom split, because of 
the inevitable loss of tone of the medial fibers, an objection which may 
have more theoretical than practical value. The transverse and the 
su icostal incisions of Ivoclier have been employed with satisfactory 
results, but so infrequently that their value cannot be estimated. 


In the lower abdomen, the so-called right rectus incision with rc- 
ection of the rectus muscle fibers outward is the incision of choice 
ior pel vie surgery and appendicitis operations when abdominal ex- 
plorat.on * indicated. The McBurncy incision for acute appendicitis 
fawned here because of the excellent results obtained. The an 

reetotV 0 ' 0 n, r ,, ! is is ,nore dirwt t]mn 11ln< afforded bv the rH.t 

rectus incision, thereby minimizing soiling of the peritoneal cavHyln 
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infected eases. Further, when drainage is necessary, the drainage 
tube can be placed so as to be largely extraperitoneal, while that part 
within the peritoneal cavity is placed, not through a coil of intestine, 
but down along the parietal peritoneum, thus lessening the number of 
peritoneal adhesions and postoperative obstructions. Another reason 
for the use of the McBumey incision is the fact that the recurrence 
of both postoperative wound ruptures and postoperative hernias, even 
in infected cases, is so small as to be almost negligible. The objection 
of insufficient exposure may he invalidated if the Weir extension is 
employed. The wisdom of this choice is emphasized by the fact that 
none of the McBurney incisions broke open during the postoperative 
state. The split rectus and Pfannenstiel incisions are infrequently used. 


DURATION OF OPERATIONS 
Table V 


DURATION’ 

NO. PATIENTS 

DURATION 

NO. PATIENTS 

4 liour 

i 

11 hours 

0 

| hour 

7 

1J hours 

5 

1 hour 

12 

2 hours 

14 

11 hours 

2 

2 hours, plus 

o 

Total 

22 — 15 % 


27 — 55 % 


Table V shows that postoperative wound rupture occurs even after 
short operations. In 20 cases, or nearly 40 per cent, the operating 
time was not longer than an hour. Assuming that the operator is 
skilled, the time consumed in performing an operation is a rough 
index of its severity or at least of the difficulties encountered. In this 
series, the time factor appears to exert a definite influence on the 
condition under discussion, since in 55 per cent of the cases, the 
operations lasted one and one-half hours or more, and the average 
operating time was one and one-quarter hours. 


MULT1P1.E OPERATIONS 
Table VI 


- 

__ — ================ 

NO. OF CASKS 

PEKCENTAOK 


Single operations 
Multiple operations 

i a 

25.5 

72.5 


The performance of more than one operative procedure at a time has 
1 * , , , 0!I the increase of postoperative wound nip- 

■ .1,0 * » „r 11,0 4. 

■ u ' e - 11,1 ■ ce , lt> we re subjected to multiple operations. In 

ients, or id.o I . u]d j tionn j wor k consisted only of removal of the 
D me instances, ^ t])nn one procedure is carried out, the oprrnt- 
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ing time is prolonged and trauma increased, since it is fiequently 
necessary to enlarge the incision or institute vigorous retraction in 
order to obtain adequate exposure. 

classification of operations 


Table VII 





PERCENTAGE 

PELVIC 




Nonmalignant 

12 



Malignant 

2 



Total 


14 

28.6 

GALLBLADDER 




Cholecystectomy alone 

2 



Cholecystectomy with appendectomy 

7 



Cholecystectomy with drainage pancreas 

i 



Total 


10 

20.4 

appendectomy, Eight rectus 


8 

16.3 

GASTRODUODENAL 




Malignant 

4 



Nonmalignant 

3 



Total 


7 

14.3 

SPLENECTOMY 


4 

8.2 

abdominal exploration in Cirrhosis of Liver with Ascites 

3 

• 6.1 

CARCINOMA COL ON 


2 

4.1 

UMBILICAL HERNIA 


1 

2.0 

Total 


49 



Worthy of note are the comparatively few carcinoma cases whose 
wounds disrupted, only 8, or 16.3 per cent, of the series. This figure 
is low compared with 28 per cent 'reported by Colp, and 40 per cent 
reported by Stair and Nelson. The high increase of ruptures in cases 
of ascites is in agreement with other observers. The relatively large 
numbers of wound separations following splenectomy must be con- 
sidered as an indictment of the use of the T-shaped incision. The 
eight cases of disruption after right rectus appendectomies in a small 
series compares favorably with a larger group of McBurney appen- 
dectomies without a single instance of wound rupture. 

METHOD OF SUTURING 

Our routine closure of abdominal wounds, except in clean cases in 
which silk is used, is done with continuous No. 1 plain catgut for the 
posterior rectus sheath and the peritoneum, and interrupted figure-of- 
eight No. 1 chromic catgut sutures for the anterior rectus sheath. The 
subcutaneous tissues are closed with interrupted sutures of No. 1 
plain catgut, and the, skin margins are brought together with inter- 
rupted sutures of fin e hlnek silk. This procedure was carried out in 
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all but two cases of this series, when No. 1 chromic catgut was sub- 
stituted for No. 1 plain catgut in the suture of the posterior rectus 
sheath and the peritoneum. 

In certain clean eases, all layers are sutured with silk. It- is inter- 
esting to note that there were no eases of wound disruption in which 
silk was used. Unfortunately, the total number of cases in which silk 
was used is not available for discussion at this time so that no de- 
duction can be drawn. In consideration of the relative merits of these 
suture materials, it should be noted that silk is used only in the most 
favorable eases. It is evident that care in suturing is of more impor- 
tance than the suture material used. A meticulous approximation of 
the peritoneum and posterior rectus sheath so as to prevent the in- 
sinuation of omental tags is the first requisite for a solid wound. 
When wound rupture occurs, however, from no other apparent reason 
than disintegration of catgut, the suggestion that the use of silk 
sutures might have avoided the catastrophe is bound to arise. Coap- 
tation of the wound edges should be the objective, but strangulation 
of the tissues by tight suturing must be avoided. 


STAY SUTURES 
Tahoe VIII 



TOTAL 

NO. CASKS 

NO. CASES 
STAY SUTURES 

PERCENTAGE 

Upper abdomen 

20 

13 

50.0 

Lower abdomen 

23 

5 

22.0 


40 

IS 

36.0 


Stav sutures were used in 36.5 per cent of the series. They were 
made use of in 50 per cent of upper abdominal and in 22 per cent of 
lower abdominal incisions. These findings are in accordance with the 
procedure at this hospital where stay sutures of silkworm-gut are used 
in upper and lower abdominal incisions in about the above ratio. 
These sutures are inserted through the skin, subcutaneous structures, 
, nd -interior rectus sheath only. The value of stay sutures used m 
‘inner is problematical. Adequate support can be given only 
. ‘ su tnres are inserted through all the layers of the abrlomi- 

"'f" ' in fling the peritoneum and posterior rectus sheath. This 

” al however has the theoretical disadvantage of acting ns a 

proecdur , contamination to the peritoneal cavity when the 

possible so oV ,.j llg to the frequency with which the so-called 

sutures are i ’ around the stay sutures. For this reason, most 

stitch abscess ^ include only the anterior reetus sheath, or at 

surgeons are con i{s s i iea tli. Kennedy is the great proponent 

most only the mus , stay suture. life results are so excellent 

of the through-anf - c consideration. When postoperative dis- 
that the method warrants 



FALLIS: POSTOPERATIVE WOUND SEPARATION 


529 


ruption of a wound does occur, stay sutures play an important part 
in preventing evisceration and in minimizing exposure of the abdomi- 
nal contents. This benefit alone merits the continuance of their use, 
even if they have no value in preventing the accident. 

DRAINAGE 

Peritoneal drainage was established by deep drains in 19, or 38.5 
per cent, of the cases. In all but two instances, or in 95 per cent, the 
drains were brought out through the original incision. This raises the 
question of the value of stab drains, which, theoretically at least, 
ought to be preferable to drains placed in the suture line. The de- 
cision as to the drainage site should be decided by the directness of 
approach to the infected area. A drainage tube through the suture 
line going directly down to the region requiring its use has obvious 
advantages over oblique drainages through a stab wound. As for 
example, drainage of the common duct is better through a para- 
median incision than through a stab wound at the outer border of the 
rectus muscle. On the other hand, better drainage of the pelvis can 
be obtained by introducing the drain through a suprapubic stab 
wound or through the posterior fornix, rather than through a McBur- 
ney incision. 

POSTOPERATIVE COURSE 


Table IX 



COMPLICATION' 


NO. OF CASES 

percentage 


Distention 


28 

57.0 


Coughing and sneezing 


22 

45.0 


Bronchopneumonia 

!) 




Bronchitis 

4 




Lobar pneumonia 

1 




Atelectasis 

1 




Wound infection 


to 

20.0 


The postoperative course of the patient whose wound ruptures is 
seldom uncomplicated. Even in those cases where rupture occurs 
without apparent warning, a review of the hospital records will show 
that the temperature and pulse remained elevated beyond the normal 
reaction period, hut not enough to excite suspicion that all was not 
well. Vomiting when it does occur is frequently evidence of separa- 
tion of the peritoneum and posterior rectus sheath, and is occasioned 
by the accompanying partial intestinal obstruction. Thus, it is an 
effect rather than a cause. The importance of respiratory complica- 
tions as a factor is emphasized in Table VIII. Here it is shown that 
coughing and sneezing were recorded as a postoperative complication 
in 22 patients, or 45 per cent of the total number. Of these patients, 
9 had bronchopneumonia ; 4, bronchitis; 1, lobar pneumonia; and 3, 
atelectasis. Distention was pronounced in 28 cases, or 57 per cent, 
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but it is such a common postoperative complication that its role as a 
causative agent is difficult to evaluate. Gross wound infection, either 
primary or secondary to intraabdominal contamination, was observed 
in 10 cases, or 20 per cent, and in all instances was associated with 
sloughing of the anterior rectus sheath. 

DAY OP POSTOPERATIVE WOUND SEPARATION 


Table X 


PAY NO. 

OF PATIENTS 

PERCENTAGE 

(i 

10 

20.0 

7 

n 

22.5 

s 

n 

22.5 

9 

G 

12.0 

4th, 5th, 12th, and 13th days 

2nd, 11th, and 14th days 

3S 

2 each 

1 each 

77.0 


The earliest postoperative wound separation was observed on the 
second day following operation, and the longest interval between 
operation and disruption was 14 days. The average was 7.6 days. 
About an equal number of ruptures took place on the sixth, seventh, 
and eighth postoperative days. If the ninth day is included in this 
group, a total of 38 eases, or 77.5 per cent of the cases, occurred in 
this four-day period. Only 5 cases, or 10 per cent, happened before 
the sixth day, and only 6 cases, or 12 per cent., after the ninth day. 
The above figures must indicate only the approximate time the peri- 
toneum and posterior rectus sheath give away. They actually desig- 
nate the day on which separation of the skin edges and evisceration 

take place. 

CI/INfCAU FEATURES 


The absence of shock when rupture takes place is noteworthy. In 
fact it is not uncommon for the patients to state that they feel relieved 
when the wound margins separate. The pnneity of signs may be at- 
tributed in part to the gradual onset of the condition, and in part to 
the fact that it may he masked by other complications. Frequently 
the first evidence of disruption appears on the same day as the skin 
Stores are removed from an apparently healthy wound. The appear- 
f considerable amount of blood-stained serum on tiie dressings 
Jn wound previously dry is pathognomonic of rupture. On inspec- 
. f * m d, a degree of separation is observed varying all the 
tlon ot nrtri f.arance of a portion of omentum at one angle of the 

w* 0 ”' ,h “^, K^niti™ or .110 tnnroiiis nn„ p.rll.1 


evisceration. ruptures associated with frank wound infee- 

^ Postoperative ^ j jpe rent picture. Here the dramatic onset of the 
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apparently clean case is lacking, and there is, instead, a more gradual 
onset. In a typical case, the infection attacks the subcutaneous tissues 
where it forms an abscess which drains through the skin incision. If 
the infection is progressive, sloughing of the anterior rectus sheath 
occurs, followed by separation of the deep layers. 

The primary causative factor in the group where there are no signs 
of gross infection is not clear. The secondary factors, such as inac- 
curate suturing, faulty suture material, poor physical condition, cough- 
ing, distention, etc., must be present in large numbers of patients whose 
wounds proceed to complete and satisfactory healing. Infection with- 
out gross evidence undoubtedly accounts for some cases, but there is 
still a group where a satisfactory explanation is wanting. The opera- 
tive findings at the secondary closure are interesting. There are three 
outstanding features : disappearance of catgut, edema of the abdomi- 
nal wall, and lateral retraction of the posterior rectus sheath and 
peritoneum. As early as the sixth postoperative day, it is surprising 
to find that even twenty-day chromic sutures have entirely disappeared 
or are represented by only a few frayed strands. The edema of the 
wound is out of proportion to that which occurs in connection with 
the inflammatory reaction incidental to normal healing. On palpation, 
the wound edges have a hard rubbery consistency. This swelling of 
the wound margins considered in conjunction with the free outpouring 
of serum at the time of the rupture indicates an excessive tissue re- 
sponse. The whole picture is that of an inflammatory reaction char- 
acterized by excessive edema and undue outpouring of serum. This 
phenomenon suggests an allergic reaction. That infection is not always 
present is attested by the fact that in some cases primary healing 
takes place after secondary closure. 

CAUSE OP RUPTURE 
Table Xt 

Impression* op Hruowtx Peicpocmis'c .Skcoxbaky Oi.oxnu: 

SO. CASKS PERCENTAGE ' 


Coughing 

1J 

27.5 

\ omiting 

s 

20.0 

Infection 

S 

20.0 

(Sotting out of ho<l too M um 

<1 


Poor jtliyricnl condition 

a 


Peritonitis 

o 

r>. o 

Omontnl wedge 

»> 

5.0 

Poor structure.- 

l 

o r } 

Faulty catgut 

i 

l 

40 

*> “ 

Hruken **tay suture** 

Total 

Unteeorded 

2.5 
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In 40 of the 49 cases, the surgeon performing the secondary opera- 
tion recorded his impression of the 'cause of the catastrophe. Heading 
the list is coughing in 11 cases, or 27.5 per cent, an observation which 
again brings attention to the role played by respiratory infections. 
Gross wound infection was noted in 8 cases, or 20 per cent, and in 
only 5 per cent of the patients was there evidence of peritonitis. The 
plastic exudate incidental to peritoneal infection causes the viscera 
and omentum to become adherent, thereby lessening the tendency to 
evisceration. It is surprising, in view of current opinion to the con- 
trary, that poor physical condition was considered responsible in only 
3 eases, or 7.5 per cent. The blood Wasser: mann reaction was negative 
in all of the patients. 


THE SECONDARY CLOSURE 
Table XII 


SUTURE MATERIAL 

NO. CASES 

PERCENTAGE 

Silver wire alone 

34 

70.0 

Catgut alone 

1 

2.0 

Catgut plus silver wire 

14 

2S.0 

Total silver wire 

4S 

98.0 

Total catgut 

1C> 

30.0 


Through-and-through sutures of silver wire were used to bring 
wound edges together in 70 per cent of the cases. In only 15 patients, 
or 30 per cent, was it possible to attempt layer closure of the abdominal 
wall with catgut, and in all but one case, additional reinforcement with 
through-and-through sutures of silver wire was necessary. Lateral 
retraction of the posterior rectus sheath and peritoneum prevents sat- 
isfactory closure. Only rarely is it possible to attempt separate suture 
of this structure owing to its friability. This observation that post- 
operative ventral hernia after secondary closure is the rule rather than 
the exception serves to draw attention to the important part played 
bv the posterior rectus sheath in maintaining the integrity of the ab- 
dominal wall. 

MORTALITY 


Table XIII 



s<>. i ASE.N 


17- :.'u; 


r i .j, s 0 ut of the -19 patients on whom secondary 

wer ® 11 r m „i v e.s a mortality rate of 3! per cent, 
vas done. I» IS 
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It is instructive to note that in 12 of the 17 patients, or 70 per cent, 
death took place within 24 hours of the secondary closure. This may 
be taken as an indication of the general condition of the patient at 
the time of secondary closure. It also serves to substantiate the im- 
pression that the real cause of wound rupture lies more in the patho- 
logic condition requiring surgieal interference and in the individual’s 
reaction to the operation and its complications, than in faulty methods 
of suturing. At the same time, this high mortality occurring within 
twenty-four hours of performing secondary closure brings up the ques- 
tion of the advisability of suturing all cases of wound disruption im- 
mediately, unless obstruction is present. 

CAUSE OP DEATH 
Table XIV 

Ileus C Myocardial insufficiency 2 

Peritonitis 4 Pulmonary embolism 2 

Pneumonia 4 Pancreatitis 1 


Except for the patient with pancreatitis, the cause of death was 
attributed to complications developing during the postoperative course. 
It must be admitted, however, that certain of these patients might 
have recovered had their wounds not broken down. 


summary 

1. The incidence of postoperative wound separation in 7,903 consecu- 
tive laparotomies was 0.64 per cent. 

2. Of the 50 cases, 49 had secondary closures. 

3. A seasonal variation is shown in our series. 

4. Multiple operations had been performed in 73.5 per cent of the 
cases. 

5. In 55 per cent of the cases, the operation had lasted one and one- 
imlf hours, or longer. 

6. Stay sutures of silkworm-gut or silver wire were used in 36.5 per 
cent. 

7. The clinical picture in the noninfective eases suggests an allergic 
reaction. 

S. The mortality following secondary closure was 34 per cent. 

ltic author wishes to acknowledge with appreciation the assistance given )>v 
Ur, \\. 1). Thompson in the preparation of this material. 
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THE APPLICATIONS OF CAVITY GRAFTING 

Archibald H. McIndoe, M.Sc.(Path.), M.S., F.A.C.S., F.R.C.S., 
London, England 

( Assistant Plastic Surgeon SI. Andrew’s and St. James’ Hospitals ; Chief Assistant 
in Plastic Surgery St. Bartholomew’s Hospital; Consulting Plastic 
Surgeon North Staffordshire Poyal Infirmary.) 

T HE most important basic principle in tlie reconstructive surgery 
of superficial skin defects is the diagnosis of the amount of epithe- 
lium lost and its successful replacement by a covering which can adapt 
itself to its new surroundings as far as possible, anatomically, func- 
tionally, and estlietieally. With superficial lesions, such as burns, con- 
tractures, industrial accidents, congenital deformities, and so forth, 
this has long been done satisfactorily in a variety of ways, the particu- 
lar method used depending largely upon the type of lesion, the ex- 
pected cosmetic result, and the experience of the particular surgeon. 
The simplest method is undoubtedly by means of a free skin graft cut 
with a razor and applied under pressure directly to the denuded area 
after suitable excision of granulomatous tissue and sear. If the graft 
is well cut, the correct pressure applied to it, and the ordinary surgical 
principles of strict asepsis and hemostasis enforced, a complete take 
results in such a very high percentage of eases that one can only be 
impressed with the essential vitality of epithelium under what are 
sometimes very adverse surroundings. 

Not all superficial defects, however, are confined to the external sur- 
face of the body. Many of them involve body cavities, such as the 
mouth, uose, orbit, or ear, with loss of lining skin and mucous mem- 
brane, and present problems of replacement crucial to the success of 
any repair. This was the type of injury which during the war offered 
grave difficulties to reconstructive surgeons until Essex- showed how 
free skin could be successfully grafted as a lining membrane into the 
mouth, where it would endure without harm to itself under conditions 
normally quite foreign to it. By introducing from below the chin a 
block of moldable material covered with Thiersch graft, and com- 
pletely burying it in the subcutaneous tissues, he was able to produce 
a satisfactory skin-lined cavity which when opened into from above 
reproduced a destroyed buccal sulcus very satisfactorily. This revolution- 
ary idea was immediately seized upon by Gillies, who with his associates 
at bidcup developed what is now known as the “Epithelial Inlay.” 

The essential modification of the Esscr method consisted in the in- 
troduction of the skin graft directly into the mouth, where it was 

H<> • U, i for tnibllvnltoir, Novcmbi-r f. 
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thus he easily released (Pig. 1). The most frequent field for intra- 
buceal grafting after injury, however, follows the larger bone grafts 
to the fractured lower jaw. Side-to-side apposition of the bone graft 
obliterates the sulcus for such a distance that a stable denture cannot 
be fitted. Deepening of the sulcus obviates the difficulty and at the 
same time allows the so-called “flat angle” to be built out to a pleas- 
ing contour by an extension on the dental plate (Pig. 2). 

3. Occasionally after extraction of teeth in elderly people so much 
bony absorption takes place in the lower alveolus that the buccal 
sulcus is too shallow to fit a stable denture. A buccal inlay gives the 
necessary purchase for satisfactory mastication (Pig. 3). 



.. 1-— Inlny graft behind the upper Up and left ala. freeing them from attach- 

njcntjj t° the maxillary alveolus and tloov of no?o. Result of trauma, a. Original 
oonuIUon ; b t nftor Inlay, 


4. 'flic repair of congenital deformities, however, affords the most 
fruitful field for cavity grafting, particularly in secondary cleft lip 
and palate and in retrognathism. 

In primary operations for cleft palate, it is not often used, though 
at the suggestion of Sir Harold Gillies, I have grafted the extensive 
lateral relaxation incisions of the Vcau technic, which during the 
healing process must cause considerable contraction and shortening of 
the united palate. 

In most patients in whom secondary operations for deft ]jp arc 
necessary, the upper buccal sulcus must be deepened in order to free 
the short, tight, adherent, and retracted upper lip, and to brim* it 
forward m apposition with the lower lip. This compensates for "the 
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found to take in an apparently septic cavity and in the presence of 
salivary secretion. The method has now an increasingly wide appli- 
cation in tlie reparative surgery of civil life, and in this communica- 
tion I propose to show some results obtained by it, and to demonstrate 
its use in some unusual situations. 


PRINCIPLES OP CAVITY GRAFTING 

Wherever it is necessaiy to construct a new subcutaneous skin-lined 
cavity or to reconstruct one which has been destroyed, certain precau- 
tions must be observed if the finished product is to endure without 
subsequent contraction. The subcutaneous cavity must be made some- 
what larger than the ultimate size required ; it must be overdistended 
with a block of modeling compound accurately molded to the size of 
the cavity ; the mold must be entirely covered by a one-piece Thiersch 
graft so that a complete take can be expected without breaks in con- 
tinuity, and with as few epidermal appendages as possible; the cavity 
must be maintained distended by the original mold for n period well 
beyond the normal contractile phase of grafted skin. It is most im- 
portant that this overdistention be carried out for a period varying 
from six weeks to four months, otherwise even in the presence of a 
perfect take, serious contraction will occur. Ill effects do not follow 
if a mold is buried under such conditions for long periods, provided 
some small drain hole is left for the escape of secretions during the 
healing phase. 

THE MOUTH 


This represents the most important field for cavity grafting. The 
conditions in which an epithelial inlay is required in the mouth are 
many and various, and may be the result of disease, injury, or con- 


genital deformity. 

1 Destruction of the buccal sulci due 1o disease is usually 1 he result 
of specific or tuberculous ulceration, particularly that due to lupus 
vulgaris In both instances the adhesions can be separated and a 
mobile lip achieved by the introduction of new skin between the lip 
nd the maxilla. On several occasions I have removed and grafted 
“JL „ 00 d results actively ulcerating patches of Inpus upon the hard 
. f1 hviccal sulci, where other methods of treatment failed. Ex- 

£ : « hns ivn Amt « *”■ 

the removed patch -rtm in » very .el.™ 

1 1C . . „ kn cmise loss of buccal epithelium with resultant 

2. Injuries m ; ‘ can ], e cnm l only when the internal nd- 

external dcfoinu > ^ t jjj s can i, P done by adjustment of mucous 

hesions are freed. i ® tei)sive j osscs will require grafting. The alar 
membrane fi&P s > )U ' , nn tcrior surface of the upper alveolus can 

base tightly adherent to the a 
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5. In retrognatliism a most satisfactory compromise can be effected 
simply by means of a large buccal inlay, tlie soft tissue of the eliin 
being brought forward into excellent position and maintained tbei’e 
by a vulcanite extension of the lower denture. The complicated and 
none-too-satisfactory operation of bilateral bone grafting is thereby 
avoided (Pig. 5). 

TECHNIC 


As a preliminary to cavity grafting in the mouth and nose, it is 
necessary to work in close cooperation with a dentist skilled in the 
making of splints and prosthetic appliances, and in this I have for- 
tunately had the help of Mr. E. A. Hardy, to whose ingenuity and 
patience I am deeply indebted. 'Where the lower huccal sulcus has 
been lost and the patient has standing teeth, a splint of the metal cap 
type, together with a “snap-on” removable tray, is constructed and 
cemented into place. In the case of edentulous patients, a combined 
upper and lower spring retention apparatus of the type illustrated is 
satisfactory (Pig. 6). When the preliminary dental work is com- 
pleted, the lip is separated from the anterior surface of the maxilla 
or mandible as extensively as is required, care being taken to overdo 
the separation and to create a larger cavity than will ultimately be 
required. 


An accurate and easily removable mold of Stent’s dental compound 
is then made of the cavity in such a way that the retaining tray at- 
tached to the splint, presses it firmly into place and overdistends the 
cavity. When this is complete a one-piece Thiersch graft is cut as 
thinly as possible from the inner aspect of the arm and applied raw 
surface outward to the mold. The mold and its surrounding graft arc 
then quickly placed in position in the cavity, and the tray fixed on. 
An elastoplast fixation externally helps to keep the whole firm. The 
immediate after-care is simple and is merely directed toward keeping 
file mouth clean with mouth washes, gargles, and sprays. Ordinary 
diet is encouraged, and the patient should have little distress after the 
fust twenty-four hours. At the end of seven days, the tray and the 
mold are removed. The cavily is examined and. as a rule, will he 
found well grafted with possibly one or two tiny spots unhealed, 
these should be touched with trichloracetic acid fused on a platinum 
loop. This is done as quickly as possible and the mold replaced. 
For the next three or four weeks, the cavity is carefully cleaned, first 
by the dental surgeon and ultimately by the patient, and if necessary 
die mold renewed— preferably with one made of gntta pereha. When 
the graft is entirely sound, the dental surgeon can fit t he permanent 
denture with an extension r>» the vulcanite plate to oecupv the buccal 
sulcus to its full depth. 
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in the case of many secondary cleft lips and palates, it is necessary to 
carin' the incision in the upper sulcus through the nasal fiooi’, along 
the membranous septum to the tip of the nose in order to obtain eleva- 
tion of this part as well as of the lip. With standing teeth, the metal 
cap splint with a removable tray is advisable (Pig. 8). 



INSERTION cf TMitRSCH cnArr 
on yrtNT mould. 


MOULD HCL.0 IN POSITION 
tSY TRLY SCRIWtO TO SPLINT. 


Mp. — Oliiimm) — ,>bUL»'v:Oi'il bliecrtl -uli ijs. 


Tnu NOSE 

A condition extremely difficult to treat by any otlier method is stenosis 
of one or both narcs. Here an inlay on a stent mold containing a cen- 
rai hole through which tin- patient may hveatlm produces excellent 
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In the case of buccal sulci made after bone grafted fractures of the 
lower jaw, the deepening may be to a moderate extent and is usually 
on one or other side of the jaw, as the case demands. The same is true 
of the elderly edentulous patient with an insufficiently deep buccal 
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sues of the nose are mobilized extensively upward as far as the gla- 
bella and laterally until the nose can be brought forward well beyond 
its normal position. Particular attention must be paid to freeing the 
deep attachments of the alae nasi. I have found that in making the 
mold for this rather big cavity, it is more convenient to make it in two 
pieces, one for the nasal cavity proper, extending up over the remains 
of the nasal bones, and a second mold lying against the first, which 
occupies the lower half of the cavity and the entrance from mouth to 
nose. The double block makes for ease of subsequent removal and 



Hr. IO.**-T»'rhtilc of po.«tn:tsal Inlay, tfiowlmr separation of soft tissues from underly- 
ing Ovcrtl latent ion with retention mold and skin graft, and final result. 


vein! reduction. A large Thiersch graft is, as a rule, required for this 
type of graft, and again it is obtained from the inner side of the arm, 
and made as thin as possible in order not to include any epilhclinl 
appendages. It is advisable not to distend the skin over the bridge 
of the nose too much as an extensive inflammatory reaction may be 
provoked, which will prove troublesome during the postoperative 
course. (Pigs. 11, 12, and 33.) 

Postoperative treatment is identical with that of the buccal inlay, 
and the cooperation of the dental surgeon sought in the after-care of 
the grafted cavity. Occasionally some amount of suppuration occurs 
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results, but again it is necessary to persist with constant dilatation 
throughout the period of the contractile phase of the graft (Fig. 9). 
The most important field, however, for the use of cavity grafting of 
the nose is unquestionably in specific disease or congenital absence of 
the septum and supporting structures, and in that deformity called 
“dish face” which follows severe telescoping fractures, of the nasal 
ethmoid maxillary compound. The uselessness of attempting to re- 
store nasal or facial contour in these conditions by introducing a car- 
tilage graft under the bridge is obvious to anyone who has ever tried 



■otc- s (a-d ). — Retroposed upper lip showing extent of mobilization and the type 
b of mold used to bring it forward. 
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iust above the inner canthus of both eyes. This is due either to the 
mold being too tight or to inadequate drainage at this point In some 
eases I have removed the mold and made it smaller, and at the same 



i'ltr. OnnK«*nU?il Kp«*<i|\r «l«*<lruclh>n of no*** . /». 

mlriy C. rrt«TiUnn apparatus In Mm: It. Inlay Mtmvln*: vimummlrnltoti 
an<i tm>n\h. 


time punctured the abscess on eaeh side internally; in others I have 
held on and even allowed an abscess to be opened on the side of the 
nose. Certainly the worst thing is t<> remove the stent entirely and 



SIC INDOE: APPLICATIONS OP CAVITY GRAFTING 


551 


The toilet of the new eye socket is rather important, inasmuch as 
if neglected, the skin may tend to desquamate and smell rather badly, 
ft should be carefully cleansed twice a day after removal of the shell, 
wiped out with a little spirit, and lubricated with paraffin and rose 
water. 

THE EAR 

Traumatic stenosis of the external auditory meatus can be easily dealt 
with by this means. The following case illustrates the method adopted. 



Fig. 11. — A, Contracted socket ; li, result of treatment by razor graft; C, result of 

fitting of artificial eye. 



f Eli;, in, — A, Contracted socket; J*. mold covered with thin razor graft has been 
hi I'osltinn for two months; lids sewn together; C, eve socket after removal of mold: 
n. artificial eye fitted. 


The patient had been thrown from a motorcar onto the road, and his left ear torn 
from his head and left attached to a flap of shin on his cheek. It was hastily re- 
placed as a roadside emergency and when healed it was discovered that the 
'■Menial auditory meatus was completely strno-ed and the ear half an inch lower 
on the left side than on the right. The patient was, of course, completelv deaf on 
that side, l.adto cad anastomosis of the severed meatus was out of the question 
Is-ratisc it had Wn torn off flush with the hone (Fig. III). Itt this instance I turned' 
hard; a tlap, 'Wpo-ed the hony merit u«, and after careful div-e-dion discovered the in- 
ker cad of tie- meatus about a quarter of an inch from the tympanic membrane. 
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allow the inflammation to subside. Removal of the stent in the early 
stages for more than a few hours means, of course, the complete con- 
traction of the cavity. When the contractile phase is over, the dental 
surgeon can then fit a vulcanite retention apparatus which supports 
the nose permanently. In certain cases, this retention apparatus can 
be dispensed with and a cartilage graft substituted, while the com- 
munication between the nose and the mouth is closed. 

THE EVE SOCKET 

A common condition after extirpation of the orbit is contraction of 
the socket to the extent where an artificial shell cannot be fitted or 



■ (1 JIucous membrane grafts for this condition arc, ns a rule. 
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ear, ossicles, and cochlea remain. In several instances of this condi- 
tion, I have opened the mastoid, determined the presence of ossicles, 
and skin grafted the bony canal leading to the middle ear (Fig. 17). 
Otoplasty can then he performed round the meatus so formed. Al- 
though the number of cases in which hearing is improved is very 
small, I believe the attempt is justifiable. 



d' F- 1 *•: — \ nn<l /!. Syphilitic stenosis of palate, showing complete anil extensive 
nttnehnient of soft palate to posterior pharyngeal wall. C anil D, after separation 
,5,1, .' Palate, a stent mot.l Is IntroilureO. cowreA with thin razor craft, unit maln- 
lame.I In place for two Months by a rill; threail. 


tiii: posTianoit pharyngeal spacf. 

One of the must diflicult conditions which one can he called upon 
to treat is complete obliteration of the oronnsal space due to specific 
disease, or to a disastrous tonsillectomy. The extent of the stenosis 
is usually so widespread that manipulation of flaps fails to create a 
passage from the pharynx to the nose. The complete absence of nasal 
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A Large cavity was made communicating with the central remains of the meatus and 
tills filled with a block of gutta percha covered with thin skin. Tho skin graft was 
practically in contact with the tympanic membrane. Tho whole ear was sutured 
back over the mold, and a small drain left in a dependent position. The mold re- 
mained in situ for three months, during which time there was a considerable amount 
of discharge from the drain hole, but nothing else to indicate any serious inflam- 
matory reaction. At the end of three months, I agnin turned the ear forward and 
found a perfectly soft, completely skin-lined cavity on tho inner side of which was 



pj~ jo Traumatic stenosis of external auditory meatus: J>, separation of 

ear no'stcrtorlv. removal of fibrous tissue mass. Isolation of inner end of meatus, nnd 
insertion or skin-covered mold into cavity : C, skin-lined cavity connected to external 
ear three months later after removal of mold. 



.. . of external auditory meatus: /: and C. middle eni 

■'iy. I 7.-— d ’ f: n "niemd through mastoid and skin crafted patent tmatus shown. 


meatus and the tympanic membrane. It was then a comparatively 
he patent bon.' m j outer side of the cavity to the outer end of the 

ample rnati ^ car j n norma! posit ton. Tho result has boon com- 

Welv jindoS and (he hearing is now re-tore, I. 
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I believe, more encouraging results. In the past, attempts have un- 
doubtedly been made to reconstruct a urethra by means of Thiersch 
grafting, but a close examination of the reported eases convinces me 
that those who attempted this method were wrong in principle, in that 
intermittent dilatation was considered sufficient to maintain the pa- 
tency of the skin-lined lube, whereas, as in every other type of epithelial 



(i * li: - , Author'* skin Kraft lntr<uHid-r fot h\ po*ji:t<U:is ; 

! f • m, ?>' Knif! "i position. Ins-rfi ? | mws million of nn»st»m<>« 
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inlay, continuous and prolonged dilalalion is necessary from the jips! 
until tin* contract'd" phase common to all free skin grafts is over. 

1 Siti?,in>: the inlay principle, two methods are available-, (a) The 
"pen method by wbieli at one operation the penis is split ventrallv. 
the remains of the corpus spongiosum removed, and an inlay ornft 
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drainage produces an indescribably septic condition of all the acces- 
sor} sinuses and makes the condition of these patients miserable in 
the extreme. 

I have found that after boring a hole between the adherent palate 
and the posterior pharyngeal wall from the pharynx into the nasal 
cavity, and inlaying skin on a mold retained by double silk threads 
tied round the columella and retained in place for at least two or 
three months, an excellent passage can be made (Pigs. IS and 39). 
Drainage of the nasal cavity and sinuses is effected with remarkable 
improvement in the general health of the patient. 

TXIE URETHRA 

Those who undertake the responsibility for the radical cure of hypo- 
spadias know that the condition is one of the most difficult of all 
surgical operations to bring to a successful conclusion. The difficulty 



Complete spodfle of posterior plmrymxcnl space curort by an Inlay 

* **'* ■* * * frrnft. 

lies not so much in technical performance as in obtaining healing per 
primon intent ioncm l»y methods which necessarily violate all the prin- 
ciples of plastic repair. Most operations attempt to reconstruct an 
epithelial lined urethra at the expense of the skin of an already at. 
tenanted organ which is little able to afford such a loss. The result 
. j v <(H) frequently undesirable tension of flaps, superimposed suture 
lines indifferent blood supply to skin edges, and eonsequent breaking 
m ' 0 j> { | ie 11(nv urethra in part if not completely. My own experience 

• °'V rimarv repair of hypospadias is not unique in that I have been 

in tic pit < w ;th my results and with the methods cm- 

excect n - . Particularly is this so in adult males with hypo 

1 ,!0 - . ^ .], omS o man}' nnsuceessful operations in infamy have been 

spadias m v a ny form of flap operation is a foregone 

perforated , s '; t jemtion of this pnrtienlar typo of adult patient lias 
conclusion. 01 ; ... principle of the epitbelinl inlay with, 

led me to experiment - 
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skin-covered catheter along a tunnel two or three inches in length, 
without rucking the skin off the catheter and so leaving raw areas 
ungrafted. 1, therefore, constructed an introducer which obviates this 
difficulty very simply. The instrument resembles a suprapubic trocar 
except that the handle and the cutting point can be unscrewed, leav- 
ing a smooth barrel five inches long, open at both ends, which will 
just admit a piece of No. 11 gum elastic (Pig. 20). The method is 
as follows: 

A thin Thiersch graft is cut from the inner side of the arm and 
carefully applied raw surface outward, like a piece of cigarette paper, 
to the section of catheter, which is then carefully placed in the barrel 
of the instrument, and the cutting point and handle screwed on. A 
small stab incision is made just distal to the orifice of the perineal or 
penile meatus, and another at the dimple usually present at the tip 
of the glans. With the patient in the lithotomy position, the trocar 
introducer is then thrust along the penis subcutaneously from the 
posterior stab incision until the point emerges at the tip of the penis. 
It passes between the ventral penile skin and the corpora cavernosa. 
This maneuver, while not easy, can be facilitated by the introduction 
of a long pair of slender scissors with Mayo points, in oz-der to divide 
any fibrous bands which obstruct the passage of the instrument. The 
cutting point, of the introducer is then unscrewed and the end of the 
skin-covered catheter gripped firmly with a pair of forceps. The 
barrel of the instrument is then carefully withdrawn and the skin- 
lined urethra rinsed through with saline or half-strength Eusol. A 
fresh piece of catheter is immediately placed in the urethra. Sitz 
baths and syringing should be persevered with daily at the same time 
until healing is complete. At no time during the next three to four 
months should the new urethra be left without its catheter in place, 
and the patient himself must be warned against this. At the end of 
that time, the contractile phase is over, and the eatheter may he safely 
left out. In six months, end-to-eml anastomosis of the posterior end 
oi the new urethra and the perineal fistula is performed over a short 
piece of eatheter (Fig. 121). 

l’he result of this operation is the most normal looking urethra which 
can he. obtained by any method yet described. This is particularly true 
of the meatus, which can Unis he made to appear at its usual position 
in the glans, something which no flap operation can accomplish. 
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spread on a catheter of a large size placed in a groove along the whole 
length of the lengthened penis, being brought ont at the glons ante- 
riorly and at the perineum posteriorly. The graft is well oversewn, 
and the entire organ bandaged in a mastisol ease to obtain the neees- 
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sary pressure. 


This method is brim: developed by Sir Harold Lillies. 
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skin-covered catheter along a tunnel two or three inches in length, 
without rucking the skin off the catheter and so leaving raw areas 
ungrafted. I, therefore, constructed an introducer which obviates this 
difficulty very simply. The instrument resembles a suprapubic trocar 
except that the handle and the cutting point can be unscrewed, leav- 
ing a smooth barrel five inches long, open at both ends, which will 
just- admit a piece of No. 11 gum elastic (Fig. 20). The method is 
as follows: 

A thin Thiersch graft is cut from the inner side of the arm and 
carefully applied raw surface outward, like a piece of cigarette paper, 
to the section of catheter, which is then carefully placed in the barrel 
of the instrument, and the cutting point and handle screwed on. A 
small stab incision is made just distal to the orifice of the perineal or 
penile meatus, and another at the dimple usually present at the tip 
of the glans. With the patient in the lithotomy position, the trocar 
introducer is then thrust along the penis subcutaneously from the 
posterior stab incision until the point emerges at the tip of the penis. 
It passes between the ventral penile skin and the corpora cavernosa. 
This maneuver, while not easy, can be facilitated by the introduction 
of a long pair of slender scissors with Mayo points, in order to divide 
any fibrous bands which obstruct the passage of the instrument. The 
cutting point of the introducer is then unscrewed and the end of the 
skin-covered catheter gripped firmly with a pair of forceps. The 
barrel of the instrument is then carefully withdrawn and the skin- 
lined urethra rinsed through with saline or half-strength Eusol. A 
fresh piece of catheter is immediately placed in the urethra. Sitz 
baths and syringing should be persevered with daily at the same time 
until healing is complete. At no time during the next three to four 
months should the new urethra be left without its catheter in place, 
and the patient himself must be warned against this. At the end of 
that time, the contractile phase is over, and the catheter may be safely 
left out. In six months, end-to-end anastomosis of the posterior end 
ol the new urethra and Ihe perineal fistula is performed over a short 
piece of catheter (Fig. 21). 

Ihe result of this operation is the most normal looking urethra which 
cun he obtained by any method yet. described. This is particularly true 
of the meatus, which can thus he made to appear at its usual position 
in the glans, something which no llnp operation can accomplish. 
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I T HAS been generally found llial skin transplanted from one In- 
dividual to another does not survive permanently. Many reports of 
success originate from occasional observers but, when the patients are 
examined, one cannot be sure that any graft is present. The usual 
course in these patients is that, following a possible “take” of the 
graft, there has been survival for two weeks, but total absorption of the 
graft by the end of the third week. This has been followed by a period 
of granulation, and then spontaneous epithelization has occurred, per- 
haps somewhat rapidly — and in some instances it has apparently been 
mistaken for transplanted skin. A very occasional homograft might 
survive, but the chance is so remote that, on an active surgical service 
whore many skin grafts arc done, the method could not in any manner be 


relied upon. 

Suggestions have been made to try to insure permanence of these 
"■rafts the best known of which is that the donor and recipient should 
be of the same blood group, but there is no measurable value of this 
selection of donor skin either in the “take” of the graft or its survival. 
Other methods have been something like desensitizations — injection of 
the recipient’s blood around the graft site on the donor, delaying the 
o-raft and exposing it to the recipient's serum, and doing preliminary 
transplants to try to accustom the donor to the presence of foreign 
skin The method of Stone in the culture of donor parathyroids in the 
S -ipient’s serum lias so far not been reported successful in working 
1 J s ],j n jj Ut ma y prove to be possible, at least, for the single element 
T 1 'tl dial cells' The successful solution of this problem would be 
° f CP r tL 'mn-ior advances in reconstructive surgery, but for the present, 

one ox tne majui ‘ .. . . ,. * i.„ j t> 


the patient’s own 


available skin must be depended upon. By using 


tn , * ‘ ,. t gkin gra fts (thick Ollier-Thiersch grafts) in all possible re- 
thick sp i ^ usually find sufficient quantity of donor skin and by care- 
pairs, one • orafts the same donor site may be used as many as 

ful removal ot tne > 

three to four times. use( j ] 10 mografts from the mother to tide over 

In two instances, ^ care 0 f patients whose conditions might otlier- 
,-ery serious perio s ]jot } l instances, it was thought that the 

wise have proved fatal, , 
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two weeks’ respite that was afforded the patients from the open wound 
was the turning point in their outcome. 

The hoy shown in Fig. 1 had a deep burn which extended very close 
1o the peritoneum. His reaction to any type of treatment was ex- 
tremely had, and from the irritation and itching around the wound, he 



developed an nhiuirinal desire to rub and scratch the area. His general 
health went down so badly that it was feared he would not survive, 
lien, as a last resort, to provide a covering for the wound, thick split 
minografts from the mother were applied to the entire area to remain 
1,1 1'Iaeo for as long as they might last. There was immediate local and 
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I T HAS been generally found that skin transplanted from one in- 
dividual to another does not survive permanently. Many reports of 
success originate from occasional observers but, when the patients are 
examined, one cannot be sure that any graft is present. The usual 
course in these patients is that, following a possible “take” of the 
graft, there has been survival for two weeks, but total absorption of the 
graft by the end of the third week. This has been followed by a period 
of granulation, and then spontaneous epithclization has occurred, per- 
haps somewhat rapidly — and in some instances it has apparently been 
mistaken for transplanted skin. A very occasional homograft might 
survive, but the chance is so remote that, on an active surgical service 
where many skin grafts arc done, the method could not in any manner be 


relied upon. 

Suggestions have been made to try to insure permanence of these 
"rafts the best known of which is that the donor and recipient should 
be of the same blood group, but there is no measurable value of this 
selection of donor skin either in the “take” of the graft or its survival. 
Other methods have been something like desensitizations — injection of 
the recipient’s blood around the graft site on the donor, delaying the 

aft and exposing it to the recipient’s serum, and doing preliminary 
transplants to try to accustom the donor to the presence of foreign 
skin The method of Stone in the culture of donor parathyroids in the 


recipient’s serum 


has so far not been reported successful in working 


with skin but may prove to be possible, at least, for the single element 
"f 1 ithelial cells. The successful solution of this problem would be 
° C|> r m-nor advances in reconstructive surgery, but for the present, 
' .. t ._ 0 wn available skin must be depended upon. By using 

• V nlit skin grafts (thick Ollier-Thiersch grafts) in all possible re- 
thick sp^ ^ usually find sufficient quantity of donor skin and by care- 

pairs, one < orafts the same donor site may be used as many as 

ful removal or rue -a 
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A second patient, who had even a more refractory course and worse 
reaction to pain, was treated in the same manner except that only one- 
third of her wound was covered, because it was a complete circular loss 
on the thigh, and it was not thought best to sacrifice this much donor 
skin (Fig. 4). Fig. 5 shows a complete “take” of thick split grafts 



Fif?. 4. — Shows very dirty wound from complete, circulnr full thickness loss of 
skin. Patient, on one occasion, bad been taken from hospital by parents because 
of extremely bad reaction to treatment. 



from Hie mother after four days; following this, there was marked 
alleviation of the patient's pain reaction, and the wound and general 
condition steadily improved. These grafts were entirely gone in two and 
one-half weeks, hut the greatly improved appearance of the wound after 
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general improvement, the grafts loolc almost perfectly, and for two 
weeks, while the grafts survived, Ihe child was comfortable. By the end 
of the third week, the grafts were completely absorbed, but the wound 
was much improved, and the patient was comfortable. There was then 
apparently a real stimulus to his own spontaneous cpitliclization, and 



, j.nd been in place two weeks and then had been com- 

Vi<r 2 — After homogrates . .. rapi( i spontaneous healing with the deformity 
.fell absorbed, there was iau . 


■tely absorbed, tneic 

own here. ..please of deformity and removal of scar, and application of 

Fiff . 3 __ the' thigh to the axilla, arm, chest, and abdomen. 

. ,, eoV ered over, as shown in Fig. 2. Release of scar tissue 
the area rapi > . e |. s p|j t gra fts could then be done, so tliat the 
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three weeks is shown in Fig. 6; the granulations arc firm, and the 
epithelial edge is spreading. The islands of epithelium are from im- 
plantation grafts that had been put in before the homografts were 
applied, but which had not given evidence of enlarging. The final result, 
as shown in Fig. 7, was obtained in two operations noth thick split 
grafts from the opposite thigh. 

For several years I hoped to have the opportunity of using homografts 
from an identical twin, but never encountered a burned patient with a 
twin, and then, through the courtesy of Dr. 0. 3 . Wilhelmi, I contacted 



8* — Complete ami permanent survival of full thickness grafts transferred 
from the arm of one Identical twin to that of the other. The darkened cdfcc is a 
moderate keloid formation. 

identical twins who kindly donated their time and small areas of their 
skin for cross transplantation. Accordingly. 1 transferred full thick- 
ness skin grafts from the arm of one twin to that of the other and 
obtained primary healing in both with complete and permanent survival 
of both grafts. Fig. 8 shows the grafts after five months; they have now 
heeu in place three years, Padgett also lias noted the survival of homo- 
grafts in identical twins. 

nr.natKxer. 
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tively its effect on the circulatory system was indistinguishable from 
that of epinephrine; however, it is less potent in its action, being a 
twelfth as active as levorotatory epinephrine. They attributed the 
activity of the substance, when given by mouth, to the shifting of the 
methyl group from the nitrogen atom to extend the side chain by two 
or three carbon atoms. The levorotatory form is turn or three times 
more active than the dextrorotatory form, and it is 60 to 65 per cent 
as active as levorotatory epinephrine. The oral activity of ephedrine, 
likewise, has been shown to be the result of the presence of a third 
carbon atom in the aliphatic side chain. Barger and Dale showed 
that the introduction of two hydroxyl groups into the aromatic 
nucleus, one in para and the other in meta position, resulted in maxi- 
mal pressor activity. 




Ephedrine 



Cobefrin 

KIc. 1. — Chemical structures of epinephrine, ephedrine, and cobefrln. 


C’ohefrin has been used clinically in combination with a solution of 
procaine to produce local anesthesia, by several German workers, 
llirsch has employed this combination for tonsillectomy and various 
other operative procedures on the eyes, ears, nose, and throat, lie 
commented that the advantage in the use of eohefrin is that it does 
no) cause a sudden fall in blood pressure through a vagal reflex. This, 
hr assorted, is responsible for t ho lack of untoward subjective symp- 
*oias such as tremor, dizziness, palpitation, and minor syncopal reac- 
tions. ]• nrtherniore, he said that eohefrin may he given to individuals 
"ho have an idiosyncrasy to epinephrine, without fear of any un- 
toward symptom*, or reaction. Hermann and Kuthsatz confirmed the 
•servations of Uirseh and also made similar recommendations ns to 
t ie usefulness of this new agent. 
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S INCE 1894, when Oliver and Schafer found that the extract ob- 
tained from suprarenal glands produced a rise in blood pressure 
when injected intravenously into animals, much interest and work 
has been devoted to this pressor substance, as well as to other pressor 
compounds. Abel is said to have isolated the first hormone from these 
glands; however, Takamine and von Fiirth have contributed much to 
the knowledge of this new substance which was called “epinephrine” 
by Abel, “adrenalin” by Takamine, and “suprarenin” by von Fiirth. 
Shortly after the discovery of the hormones, Jowett demonstrated that 
its chemical identity was (3, 4-dihydroxyphenyl)-l-methylamino-2- 
ethanol. Barger and Dale were among the earliest investigators to 


study its activity when it was modified slightly by various substitu- 
tions. In 1923, Chen observed that a preparation obtained from the 
plant ma liuang also had a distinct pressor activity, and he noted that 
its action was not unlike that of epinephrine. The well-known work 
of Chen and Schmidt hardly needs further comment. The pressor sub- 
stance epliedrine, which they isolated from plants of the genus 
Ephedra has one advantage over epinephrine, namely, that it is active 
when administered by mouth. 


Hartung, in a classic review of epinephrine and allied compounds, 
has demonstrated that an isomer of epinephrine, which possesses the 
U e p ress or activity as epinephrine, is much less toxic than epi- 
sa _. j s ac tiye when administered orally. This substance, 

neP . ” h as been identified for some time, was known formerly as nor- 
taMeptaepM™. or 3, 4-diljydrosplieiiyIpropaiioIaini.ie. It is new 
i A comparison of the structural formulas of epi- 

cobefriii is shown in Pi,. 

II P 'o- and Munch found that when 3, 4-dihydroxphenylpropanol- 

Ilartung > intravenously into rabbits, its toxicity was less 

amine was u ,1 that of epinephrine, and that qualita- 

Hmn a hundredth as D i^ 
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a characteristic notch in the curve, vagal slowing, and a slight second- 
ary fall in blood pressure. This was the first record of the blood 
pressure in eight experiments which in any measure simulated the 
classic response to the administration of epinephrine (Pig. 3). The 
responses obtained when commercial epinephrine was used closely re- 
sembled the effect that is produced on a vagotomized animal. It seemed 
plausible, in view of these findings, that there was some substance present 


1 ~ 4 . 
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2. —The effect on the blood pressure of an Intravenous Injection of (I) 0.35 
JJj". cobcfrln and (2) 0.07 nig. of epinephrine; weight of tho dog was 7 kg.; the 
uuratlon of the pressor effect) of cobcfrln is slightly longer than that of epinephrine. 


> ). i 



Of hh-liiv u!,rin£} L , n ‘'m blood pressure of an intravenous injection of (1) n.12 me. 
mg of crud 1 ,' rial, i nf ' i>,ir nc> ' °- 1 - mc - r,r commercial epinephrine, (3) n. 3.7 

' r .**!!! 1 P.irlno (estimated ilose). nnd (<) a mixture of 0,005 nig. of cobcfrln 


£ 1 n n d'' in "< '' 1 ^ 1 epinephrine ; weight of the dog In (1) nnd (2) v, ns J 2 

blood prr«n>r. In (3) " kK ' : on ' ! may no "' u ’ c vegnl rcilex nnd n deerensc In the 


ui the crude epinephrine which is absent in the preparation now sup- 
p ied eomniereially. In several instances we found that even after 
'• l r'” ( ” n ' ** lf> * ,earl showed evidences of vagal-like slowing when erode 
tjniu'phnne was injected intravenously. This, at least, suggested the 
P sm u it t of local activity on the heart and not a reflex inhibitory 

mechanism. 
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Cobefrin, as it is supplied commercially, is said to be seven and a 
half times less toxic than epinephrine when injected into albino rats, 
and its average pressor action is a fourth to a fifth that of epinephrine. 
Thus, a 0.5 per cent solution of cobefrin should be equal in strength 
to a 0.1 per cent solution of epinephrine. 

Because of the assertions that have been made relative to the ac- 
tivity of cobefrin, studies were carried out in order to compare its 
activity with that of epinephrine. These studies included observations 
of: (1) the effect of the drugs on the blood pressure; (2) the action 
of the drugs on the isolated heart of the rabbit ; (3) the action of the 
drugs on the isolated uterus of the virgin guinea pig; (4) the action 
of the drugs on the lungs; (5) the site of destruction of the drugs; 
and (6) the hypcrglycogenic properties of the drugs. The effect of 
the drugs on the blood pressure was observed while the animals were 
under general anesthesia (sodium amytal or ether), and before and 
after the animals had been subjected to hepatectomy. 


EFFECT OF COBEFRIN AND EPINEPHRINE ON BLOOD PRESSURE 


While the animal was under general anesthesia . — Dogs were anes- 
thetized with sodium amytal (sodium isoamylethylbarbiturate) or ether, 
and the blood pressure in the carotid or femoral arteries was recorded. 
A 0.1 per cent solution of epinephrine and a 0.5 per cent solution of 
cobefrin were used for comparison of pressor activity. A uniform 
dosage (0.01 c.c. for each kg. of body weight) of each substance was 
given intravenously. 


It was found that the resulting increase in the blood pressure is main- 
tained for a longer period of time with cobefrin than it is with epineph- 
rine (Big. 2). In the series of experiments with cobefrin, it was most 
noteworthy that the constantly occurring vagal slowing, which accom- 
panies the vasopressor activity of crude epinephrine, was eliminated. 
We were not able to reproduce a typical response of the blood pressure 
curve to the administration of epinephrine by using the commercial 
^reparation at hand. Similar doses of highly purified epinephrine* 
pr ^ injected intravenously, but the resulting increase in the blood pres- 
WG - vas practically identical with that which followed the administra- 
+ UrG of commercial epinephrine; no vagal inhibition was noted. Its 

. liffcre d from that of cobefrin in only one respect, namely, that 
action c i ^ ^ the press0 r effect was shorter. It was suggested that 
the dura io ^ mac je from whole suprarenal glands of beeves, that 
crude epniep i wag mac ] e from the cortical and medullary por- 

is, epinephnne possibly might produce a different response; there- 
tions of die g an^s,^ madfl accor ding to the original technic of Abel, 
fore, epinephim ^reparation elicited a pressor response with 
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the two kymographic records of the blood pressures, save that the record 
obtained before hepateetomy shows a little more evidence of vagal in- 
hibition with slowing of the heart rate than does the record obtained 
after hepateetomy. The duration of the pressor effects was practically 
the same in both instances (Fig. 4). 

When cobefrin and epinephrine were given orally while ihe animal 
was under general anesthesia . — The animals were anesthetized with so- 
dium amytal, and the blood pressure in the femoral arteries was taken 
in the usual manner. Cobefrin (2 mg. for each kg. of body weight) was 
mixed with physiologic saline solution and placed in the stomach by 
means of a small rubber tube. A definite pressor response was obtained 
in one and a half minutes. The blood pressure increased gradually and 
subsided slowly after having remained slightly elevated for almost 
thirty minutes. A similar dose of epinephrine did not produce any 
effect on the blood pressure (Fig. 5). Herein lies one distinct difference 
between epinephrine and cobefrin ; cobefrin is active when administered 
orally, while epinephrine is not. 





" w muumuur \ nwnn r 


Pi 5-/';“'The erred 
J»r robofrln, and (2) 
m tiie blood pressure 


on the blood pressure of the oral administration of (1) 2 mg. 
nip. of epinephrine ; weight of the dog was S kg. ; no increase 
was produced by epinephrine. 


ACTION OF COBEFRIN AND EPINEPHRINE ON THE ISOLATED HEART 
OF THE RABBIT 


9 lie heart, was perfused at a temperature of 37.5° C., according to 
the method of Locke and Rosenheim. Tlu* addition of 0.25 mg. of 
cobefrin to the perfusion fluid (500 c.c.) caused a rapid increase in 
the rate of the heart. Within three minutes after the addition of the 
cobefrin, the rate of the heart had increased from 136 heats a minute 
to 1-tS bents a minute, aiul within seven minutes, the rate was 1 S3 
k.Us a minute. Associated with this tachycardia, there was a slight 
’ * n perfusion flow from 36 c.c. a minute to 29 c.c. a minute, 
to increase in the rate of the heart continued for an hour and a half 
>' oie the rate returned to the control figures. A second injection of 
<o n rin was jriven an hour anil forty-five minutes after the first. This 
produced similar results (Table I). " 


A <1 
fusion 


ose of ().()., me. of epinephrine, which was also added to the 
"uni, produced a definite tachycardia, hut no ehanpc in 
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Numerous attempts to isolate from the crude epinephrine a principle 
which contained no epinephrine or other pressor substance, but which 
produced cardiac slowing, were unsuccessful. Another observation 
worthy of note is the not infrequent occurrence of evidence of cardiac 
slowing, vagal or otherwise, when cobefrin is given to an animal fol- 
lowing a previous injection of commercial epinephrine. It was impos- 
sible to explain this phenomenon. Interesting .also is the fact that ad- 
ministration of equal mixtures of commercial epinephrine and cobefrin 
produce a blood pressure curve which is a combination of the curves 
produced by each substance separately. Cortical extract (cortin) given 
intravenously (1 c.e. to a dog weighing 16 kg.) did not produce any 
increase in blood pressure on several occasions. 

While the animal was under local anesthesia . — A 2 per cent solution 
of pantoeain was used to infiltrate the tissues around the femoral 
artery. The blood pressure then was recorded in the usual manner by 



Of cobeflin (1) previous 
Coe was 24.7 


means of cannulation. Little difference was apparent between the 
or effects under general anesthesia and those under local anes- 
thesia except that the increase in blood pressure which followed the 
administration of epinephrine or cobefrin was not as marked under 
loca.1 anesthesia as it was under general anesthesia. Cobefrin again 
showed a slightly more prolonged action. 

7? fore and after hepatcctomy .—' This experiment was performed on 
1 ' nal which weighed 24 kg., after the first two steps in the technic 

an ami < faad been performed. The dog was anesthetized with 

of hepa e d of the b i 00 d pressure was taken by means of a 

ether, an femoral artery. At the same time, 1.2 mg. of cobefrin 

cannula m ous ]v. The animal was then operated on again, and 

was given m ravel “ g bor tiy after liepatectomy, the same dosage 
the liver was remoi^^ and another tracing was taken of the ro- 
of cobefrin was r p ’ rpi iere j s little significant difference in 
sponse of the blood pressur . 
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oxygenated Ringer-Loeke solution at a temperature of 37.5° C. The 
addition of 0.05 mg. of cobefrin to 50 c.e. of water in a water-bath 
which contained a rhythmically contracting uterus, produced practi- 
calty immediate cessation of activity. This quiescent period usually 
lasted from five to eight minutes. In comparison, cobefrin is just as 
effective in producing this response as is epinephrine. 

ACTION OF COBEFRIN ON THE LUNGS 

Closely allied to the action of cobefrin on the smooth muscle of 
the uterus or intestine is the well-known action of epinephrine in al- 
leviating bronchospasm which may be the result of an allergic condi- 
tion or which may be produced experimentally with histamine. Sev- 
eral guinea pigs (average weight 0.5 kg.) were given 0.15 mg. of 
histamine intravenously; this produced severe bronchospasm in each 
animal. All of the animals in the control group died; of those that 
were given 0.1 c.e. of 1 to 1,000 solution of epinephrine, all but two 
survived. The technical difficulty in giving the solution of epinephrine 
intravenously accounted for delay in its administration and the re- 
sultant death of the two animals. 

After producing bronchospasm in another group of animals with 
histamine, 0.5 c.c. of a 1 to 1,000 solution of cobefrin was given, and 
the bronchospasm was relieved in the same manner as it was by the 
administration of 0.1 c.c. of a 1 to 1,000 solution of epinephrine. Like- 
wise, in this experiment, all of the control animals died, while there 
was only one death among those which had received cobefrin. The 
average duration of the bronchospasm following the administration of 
either epinephrine or cobefrin was four minutes, and then recovery 
occurred. The average length of time before death occurred in the 
animals which did not receive epinephrine or cobefrin was two and a 
half minutes. 

Bronchospasm of guinea pigs that, is produced by administration of 
histamine or by sensitization to foreign protein (2 per cent solution of 
egg white) could be relieved as efficiently with the intravenous ad- 
ministration of epinephrine as it could with intravenous administra- 
tion of cobefrin. When either one is given intramuscularly or sub- 
cutaneously. however, the absorption is too slow to relieve the bron- 
ehospnsm. and the animals die before the action of the drug takes place. 

SITE OF DESTRUCTION OF 1:1*1X111*11 BINE AND COMIITUN IN THE BODY 

Llliott, in ];U)5, said that the general capillary bed in t he entire 
•mimal body serves as a site of elimination or destruction for epi- 
nephtine, with one except ion. namely, that of the lungs. It is not 
possible to demonstrate by perfusion any loss of epinephrine in these 
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Table I 

Action or Cobefrin on the Isolated Rabbit Heart 


time 


HEART 


KATE PER 
MINUTE 


145 

140 

138 

134 

137 
130 

144 
142 
140 

138 
138 
138 
13(5 

137 

145 
183 
183 

174 

172 

1GS 

174 

ISO 

178 

170 

104 

102 

15S 

15G 

154 

152 

148 


OUTPUT, OC. 


PER 

MINUTE 


3(5.4 


IN FIVE 
MINUTES 


20.0 


172 

190 

1SS 

18S 

ISO 

17S 


170 


1GS 


1G2 


34S 


140 


130 


12S 


HEART 


9:27 a.m. 

9:29 
9:30 
9:34 
9 :3G 
9:40 
9:45 
9:47 
9:50 
9:53 
9:57 
10:00 
10:02 
10:14 
10:15* 

10:10 
10:18 
10:22 
10:24 
10:25 
10:27 
10:29 
10:30 
10:31 
10:34 
10:35 
10:30 
10:38 
10:41 
10:42 
10:44 
10:47 
10:50 
10:51 
10:54 
10:55 
10:56 
1 1:00 

*0.25 mg. 

*0.05 mg. 

. „ The duration of the increase in the cardiac rate was 

fusion flow. n Qf epineplirine than it was after the addition 

shorter alter i ^ attributed to fatigue, however, since the 

of cobefrin. operating for more than three and a half hours, 

preparation tion is used epinephrine usually causes an in- 

o, — - -~ D ™ or ™ 

ii established that epinephrine usually produces rc- 
Since it » y eIi th musc le, cobefrin was studied for compan- 

laxation of isolated o£ „ guinea pig was perfused with an 

S on. A small strip of then 


TIME 

RATK I'Kr 

minute 

| OUTPUT, C.C. 

PER 

MINUTE 

IN FIT 
MINUTE 

11:0(5 



120 

11:09 

146 



11:12 



115 

11:14 

14S 



11:18 



110 

11:23 

15S 



11:27 

154 



11:31 

148 


90 

11:41 

130 


70 

11:50 

134 


70 

11:52 

134 



11:55 

132 


08 

12:00 M. 




12:01 r.M. 

128 



12:04 

134 


60 

12:07 

142 



12:09 

153 

14.5 

72 

12:10 

166 



12:13 

157 



12:16 

167 


GS 

12:20 

15S 



12:23 

146 



12:26 

149 


60 

12:28 

242 



12:30 

144 



1:50 

13G 


56 

1:55 

132 



l:57t 




1:59 

12S 



2:00 

160 


5S 

2:02 

102 



2:03 

170 

15.7 

55 

2:05 

104 



2:08 

100 


56 

2:10 

155 



2:12 

150 


54 

2:20 

145 



2:25 ; 

140 




^^nr^Ted to tlie perfusion Ovid 
epineplirine added to tl.e perfusion fluid. 
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added to the venous reservoir. The blood flow from the liver was 
measured periodical^ during the experiment to determine the varia- 
tion in quantity during and following the activity of cobefrin. The 
blood pressure and pulse i-ate were likewise recorded at intervals. 
Samples of the perfused blood (10 e.c.) were taken intermittently 
during the course of the experiment for testing. A dog which weighed 
5.5 kg. Avas used for the test. The data in this experiment are corre- 
lated in Table II. 

Testing of specimens of blood. — Specimens of blood AA'hich had per- 
fused through the heart-lung-liver pi-eparation for one, two, and three 
hours gave practically identical pressor responses in the test animal, 
which indicated that very little, if any, of the cobefrin had been de- 
stroyed after the first hour of perfusion. Other specimens, Avhich were 
taken tAvelve, twenty-three, and thirty -four minutes after the addition 
of cobefrin, showed a progressive decrease in the amount of pressor 
response, but the maximal destruction of the drug occurred Avithin an 
hour, and subsequent specimens failed to indicate any further progres- 
sion in its elimination (Pig. 7). 



';^ hc , efrcc t on Die blood pressure of successive injections of 10 c.c. of blood 
thrnilni. °»i ? 1 ” o PProx Imutely 0.015 nip. of cobefrin per c.c. previous to perfusion 
for i«' hi it neiirt-lunjA-Iivcr preparation: (1) before perfusion, (2) after perfusion 
fmu r minutes, ( 3 ) after perfusion for thirty-four minutes. (|) after per- 

■ usion for one hour. (5) after perfusion for three hours. 


1 beiv is considerable reduction in tin* blood floiv from the I i ver 
•iftor the addition of cobefrin to the perfusion fluid; lioAvcver, the 
duration of the constriction is usually not more than it fourth to a fifth 
(, f that seen in 1 he beart-lung-bindlimb perfusion experiment which 
"ill lie described next. It avjis the rule that, within three to the min- 
'it*s alter the introduction of cobefrin into the heart-lung-liver prepa- 
idtion, the return blood floAv from the liver Avas reduced 80 per cent 
101,1 , ' <,,1,1 '°1 figures. This diminished return of blood from the liver 
on mod fop approximately t avo! av iniitutes. 


1 iom the results of the heart-lung-liver perfusion experiments, it 
" Us llot l ,,,s ''ihle to determine Avhcther or not the liver was specific for 
' i" elimination „f cobefrin. In order to ascertain Avhetlier any large 
■']» .HA bed in (lie body Avould produce the same responses as those 
o >tainc,l Avith the heart-lung-liver preparation, the hind limbs Avere 
■< ni eitcuu Avith the heart -lung preparation. 
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organs. In order to determine whether the lungs played any signifi- 
cant part, in the elimination or inactivation of cobefrin, experiments 
with the Starling heart-lung preparation were carried out. 

Heart-lung perfusion experiment . — Routine preparation of a dog 
weighing between 10 and 12 kg. was made under ether anesthesia, and 
1.0 to 1.5 liters of blood obtained from healthy dogs were added to the 
venous reservoir of the perfusion apparatus. Fifteen mg. of cobefrin 
were introduced into the venous reservoir after a control sample of 5 e.c. 
of blood had been taken for analysis. On the addition of cobefrin, the 
cardiac rate was rapidly accelerated, and this acceleration was main- 
tained for two to two and a half hours. Samples of blood were taken at 
varying intervals from the venous reservoir for three and a half hours. 
These were tested along with the control blood by determining the 
effect on the blood pressure of a small dog which weighed 6 to 8 kg. 
The test animals in all perfusion experiments were anesthetized with 
sodium amytal (50 mg. for each kg. of body weight). The results of 




i.wuut,.. fter per [ UP ion for one Hour. <.*) alter perfusion for two hours, 

/') nerfiision for three hours ; there was no appreciable change in the response 

( t\he blood pressure after the blood had perfused for one. two, and three hours. 


this test indicated that in several experiments practically none of the 
cobefrin had been destroyed or inactivated by the heart-lung perfusion 


(Fig. 6). 

Since it has been demonstrated that the liver has the ability to macti- 
11 detoxify, and destroy many substances, among which are nicotine 
va 6 ’ rchnine, 12 we attempted to ascertain if hepatic tissue could 
and si} ^ t)ie p ressor properties of cobefrin. Markowitz and 
change 01 < Qn t]ie destruction of epinephrine in the body, 

Mann, in 1 , s in practically all of the tissues of the body, 

Sh 7tl at no organ or viscus is specific for its elimination. 
alK ' , ner fusion experiment.— A dog weighing 8 kg. was 

Heart-lung- er ; men t. One liter of blood was obtained from a 
used for thiS eX ^ e „ ment the supply of blood in the venous reservoir, 
healthy fi°S a “ , a t; on of the animal, cobefrin in a concentration 
After routine P repa '‘ ima telv each c.c. of circulating blood was 
of 0.015 mg. for app - 
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isolated, and ligatures were put in place in readiness for ins f‘^ n ^ 
a cannula. The aorta was cumulated and received blood fiom tne 
artei-ial side of the heart-lung preparation, and a siinz ai 11 ' s ° r 
a cannula into the inferior vena cava permitted the leturn o ie 


to the venous reservoir. 

Following these procedures, the limbs were rapidly isolated rom 
the animal, and hemostasis was effected by ligatures. When ie p ’ep 
aration was in equilibrium, cobefrin in a concentration o aPP 1 °( :i 
mately 0.015 mg. for each c.c. of circulating blood was added to t ie 
arterial side of the circuit, the total dose being 15 mg. T iere. n as 
immediate cardiac acceleration, but within three minutes a ei 
injection, the return flow from the hind limbs was 1 educe to one 
drop each second. This extreme vasoconstriction which was induced 
by cobefi’in prevented perfusion of the limbs to any reasonable decree, 
and for almost an hour the blood was shunted into the venous reser- 
voir while the preparation operated on a straight lxeait-lung pei- 



Flu. 8. — Tin; effect on the blood pressure of successive i eedous° to°' perfusion 
wlilch contained approximately 0.015 mp. of cobefrin per c.c • Prp'lous to P _ 

tbroURh the hcart-lune-hlndllmb preparation: (1) before rnimito* H) after 

fusion for twenty-five minutes. (3) after perfusion for fort} -five minutes, CU 
perfusion for two hours, (5) after perfusion for three hours. 


fusion (Tnble III). At the end of an hour the constriction became 
less and the venous flow front the limbs gradually increased. In com- 
parison with t lie constriction noted in the liver perfusion, the hind 
limbs were constricted an hour longer. According to the same pro- 
cedure in previous experiments, specimens of blood (10 c.c.) were 
tahen from the venous reservoir and were tested on a dog weighing 
8 bg., by noting the effect on the blood pressure (Fig. S). 

The pressor effect of a three-hour specimen of blood from the 
venous reservoir showed a slight increase in the blood pressure which 
was moderately sustained. A specimen of blood that had perfused for 
two hours gave a definite pressor response very similar to that of the 
three-hour sample. The injection of blood that had perfused for 
twenty-five minutes produced a marked increase in blood pressure, 
and the duration of the pressor effect was somewhat longer than that 
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Tabre II 

Heart - Ltj n a -I j v er Perfusion Experiment 


time 


10:20 a.m. 

10:24 

10:27 

10:20 

10:31 

10:33 

10:35 

10:42 

10:45 


10:47 

10:50 

10:54 

10.-5S 

11:01 

11:04 

11:08 

11:12 

11:15 

11:19 

11:23 

11:25 

11:28 

11:32 

11:34 

11:42 

11:48 

11:53 
12:00 M. 

12:04 P.M. 
12:00 
12:08 
12:10 
12:18 
12:2S 
12:30 
12:35 
12:3S 
12:42 
12:45 
12:47 
1:00 
1:12 
1:10 
1:27 


BROOD FROAV 
FROM RIVER, 
C.C. PER 
MINUTE 


175 

195 

215 

218 

220 

225 

225 

125 


100 

100 

120 

125 

140 

150 

155 

185 

210 

240 

260 

280 

300 

325 

350 

350 

400 

380 

345 

350 

348 

335 

325 

310 

305 

280 

280 

285 

2S0 

275 

200 

250 

215 

215 

205 


PURSE RATE, L® Y n S n ™ 

’ RROOD PRES- 

' ’ SURE, MM. 


MINUTE 


140 

124 

12G 

12G 

120 

120 

128 

190 


190 

190 

190 

190 

188 

1SS 

180 

ISO 

180 

ISO 

ISO 

ISO 

ISO 

ISO 

ISO 

180 

ISO 

1S2 

1S2 

190 

190 

190 

ISO 

170 

170 


140 

136 

134 

134 

130 


OF MERCURY 


140 

140 

130 

130 

120 

120 

120 

120 

ns 


110 

115 

115 

115 

115 

115 

110 

110 

110 

110 

110 

100 

100 

100 

105 

100 

75 

70 

70 

65 

70 

72 

72 

70 

70 

70 

70 

70 

00 

58 

GO 

00 

58 


REMARKS 


Control 


15 mg. cobofrin added 

Marked reduction in flow of 
blood from liver and in- 
crease in rate of heart 

Blood pressure falling 

Blood flow from liver increas- 
ing 

Steady increase in blood flow 
from liver 

Decrease in rate of heart 


Gradual decrease in blood pres- 
sure 


Marked increase in blood flow 
from liver 

Gradual decrease in blood flow 
from liver 
Increase in rate of heart 


Cardiac rate decreasing 


, perfusion experiment.— The routine heart-lung 

Hcart-lung-l ^ another animal, which weighed approxi- 

preparatiou was ma ^ amytal anesthesia (50 mg. for each kg. 

mately 4.5 kg. an bdonlina i aorta and inferior vena cava were 
of body weight) the 
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obi ained with the oilier specimens. It was thought at first that this 
might be attributable to a stasis in the- circulation through the limbs 
which was caused by the severe constriction of the vessels. Conse- 
quently, the scanty venous return would contain a greater concentra- 
tion of cobefrin than would otherwise be found. It might also be 
attributable to the short duration of the perfusion which did not 
allow the capillary bed of the limbs to eliminate as much of the pres- 
sor substance as it did in two and three hours. 


Tabi.k ITI 


H kart -Lung -H i n m.i m b Perfusion Experiment 


TIME 

VENOUS RETURN, 
C.C. OF BROOD PER 
MINUTE 

12:00 M. 

130 

12:12 r.M. 

135 

12:15 

5 

32:22 

4 

12:27 

6 

12:31 

10 

12:42 

14 

12:55 

1:12 

20 

1 :25 

1:30 

4S 

1-.3G 

G4 

1:42 

So 

1:51 

110 

■2:00 

120 

2:09 

135 

2:12 

2:14 

135 

133 

2:17 

132 

2:1S 

134 

2:20 

25 

2:2S 


2:40 

14 

3:00 

20 

3:12 



SPECIMENS TAKEN FOR TESTING; REMARKS 


Specimen (10 e.c.) for control 

15 nig. cobefrin added to arterial circuit 

Marked reduction in venous return 

Specimen 1 (10 c.c.) ; perfusion for fifteen 
minutes 

Blood very venous 

Specimen 2 (10 c.c.) ; perfusion for lialf an 
hour 

Specimen 3 (10 c.c.) ; perfusion for one hour 

Oxygen introduced into venous reservoir 

Specimen 4 (10 c.c.) ; perfusion for an hour 
and a half 


Specimen 5 (10 c.c.) ; perfusion for tivo hours 


1 15 mg. cobefrin added 

Marked reduction in venous return 

Specimen G (10 e.c.) ; perfusion for two and 
a half hours. 

15 mg. cobefrin added 

No further reduction in venous return 


In view of the fact that there was such a marked vasoconstriction in 
the tissues of the hind limbs, several other preparations were made 
1 cobefrin was added slowly in graduated amounts to the arterial 
^ of the perfusion circuit. We anticipated that small doses of cobe- 
S ' de addedl at intervals would eliminate the intense degree of constric- 
frm at . tlms flijow the limbs to carry on the perfusion more sntis- 
ti°n an Unfortunately, this did not hold true. In one experiment, 
facton } ■ w j t j, the one just described, with animals which 

practical j “ teJj . t jie same size, we added slowly 5 mg. of cobefrin 
were approx 1 ^ - u sp ; te 0 f the smaller dosage the same marked 
instead of pc i uphe perfused tissue responds to additional 

vasoconstriction occuireci. 
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Table IV 

Hypekolucogekic Activity ok Epinephrine 


IN DOG WITH CONSTANT LOW VALUE FOR 
BLOOD SUGAR 

IN DOG WITH CONSTANT HIGH VALUE FOR 
BLOOD SUGAR 


MG. OF SUGAR 


MG. OF SUGAR 

SPECIMENS OF BLOOD 

PER 100 C.C. 
OF BLOOD 

SPECIMENS OF BLOOD 

PER 100 C.C. 
OF BLOOD 

Control 


Control 


10 minutes after injection 


10 minutes after injection 


20 minutes after injection 


20 minutes after injection 

161.3 

30 minutes after injection 

85.6 

30 minutes after injection 

142.8 

1 hour after injection 


1 hour after injection 


2 hours after injection 

74.3 

2 hours after injection 

130.7 


weighing 16.0 kg. produced a rapid increase in the value for the blood 
sugar from a central value of 63 mg. for each 100 c.c. of blood to 112 
mg. within ten minutes. The same dog three days later, after having 
been given 0.6 c.c. of eobefrin intravenously, showed an increase in 
the central value from 65 mg. of sugar for each 100 c.c. of blood to 
135 mg. within ten minutes. Essentially there is little difference in 
the degree of increase in the blood sugar produced by eobefrin and 
epinephrine, and the onset and duration of the effects of the two 
drugs are practically identical. Within one hour after the injection 
of either epinephrine or eobefrin, the value for the blood sugar re- 
turned to control values (Fig. 9). 


SUMMARY 


In this comparative study of eobefrin and epinephrine, it has been 
shown that these two substances have many properties in common, 
and that for the most part, their physiologic behavior is identical. 
There are, however, several differences which are noteworthy. Both 
substances produce similar increases in the blood pressure of test 
animals with the exception that the activity of eobefrin generally 
endures’ slightly longer than that of epinephrine. The duration of the 
nressor response produced by comparable doses of eobefrin is midway 
‘ that 0 f epinephrine and ephedrine. Epinephrine causes a more 

1,6 \ d but shorter pressor response than does ephedrine. Cobefrin 
mai dl e same abrupt pressor response as does epinephrine ; the pres- 
gives i ' befrin lasts longer than that of epinephrine, but does 

poVendure as long as that of ephedrine. 

d Dale pointed out that the maximal pressor activity of 
Barger an com p 0 unds was dependent on the introduction 

epinephrine an t j ie p ara an d meta positions in the basic ben- 

of hydroxyl ® r ® TI j^ e does no t have these hydroxyl groups, which 
zene ring- Ephec ^ faet tlia t it has less vasopressor activity, 
probably accoun s of va*»al reflexes during the studies of the 

The presence or aosen 

on the blood pressure were not 

effects of epinephrme a 
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constant in occurrence under any type of anesthesia. As a rule, 
neither substance gave evidence of a reflex vagal slowing with a con- 
comitant decrease in the blood pressure. The advantage which a few 
clinical investigators have claimed for cobefrin is that it does not 
produce reflex vagal, slowing of the heart. This finding was sub- 
stantiated. The results which were obtained with commercial epi- 
nephrine were comparable with those obtained with cobefrin. Conse- 
quently, the use of cobefrin instead of epinephrine would appear to 
have no advantage in this respect. One outstanding and important 
difference between these closely allied compounds is that cobefrin is 



Time in minutes 

Mb. 9. The effect of cobefrin and epinephrine on the blood sugar of a dog. 

active when administered by mouth while epinephrine is not. Herein 
lies the one major difference in the action of these two substances. 

Cobefrin was found to be just as effective as epinephrine in stimu- 
ating the perfused isolated heart of the rabbit, and the ability of 
cobefrin to cause relaxatiou of a rhythmically contracting uterus of a 
'ngm guinea pig or to relieve bronchospasm was identical with that 
of epinephrine. To determine the site of destruction of cobefrin in 
tie body, the Starling heart-lung, lieart-lung-Iiver, and heart-lung- 
nndlimb perfusion preparations were employed. It was found that 
Plastically none t l* e cobefrin was inactivated in the heart-lung per- 
iiMon experiments, which fact coincides directly with the results of 
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Ihlliott’s experiments with epinephrine. However, the heart-lung-liver 
and the heart-1 tmg-hindlimb perfusion experiments indicated defi- 
nitely that any large capillary bed, with the exception of that of the 
lungs, serves as a site for the elimination of cobefrin. The liver is by 
no means as specific an organ for the inactivation of cobefrin as it is 
for the inactivation of nicotine or novocain. Studies on the blood 
sugar of dogs showed that epinephrine and cobefrin were equally 
potent in producing definite increases in the values for the blood 
sugar, provided the animals were in a proper state of nutrition. 
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A SUGGESTION IN THE TECHNIC OF CHOLECYSTECTOMY 
FOR THE COMPLICATED CASE OF GALLBLADDER 

DISEASE 


Harry P. Ritchie, M.D. 

St. Paul, Minn. 

(From the Department of Surgery , .University of Minnesota) 

I N 1909, the late Dr. Archibald MacLaren and I, through his courtesy, 
reviewed 165 operations on the gallbladder, liver, and pancreas. I 
note this dusty datum from the archives to repeat a statement made in 
that paper which is pertinent to this discussion: “It was found neces- 
sary to remove the gallbladder in twenty-one cases.” Thi’ee patients 
died, one in seven, a mortality of 14.2 per cent. 

The surgeon whose experience and study revert to the first decade of 
this century will support the statement that there was at that time an 
active discussion of the relative merits of choleeystotomy and drainage, 
and cholecystectomy, revolving in the main about t he question of mor- 
tality. (Among the many distinguished surgeons of that period appear 
the names of Mayo-Robson, Moynihan, Deaver, Maurice Richardson, 
Murphy, and Mayo.) In 1904, Mayo-Robson reported twenty-eight 
cases of cholecystectomy; four patients died, one in seven — a mortality 
of 14.2 per cent. He remarked about the possible increase in mortality 
when cholecystectomy was attempted. Moynihan was definite in his 
opinion that every cystic gallbladder should be removed, but stated that 
in carefully selected cases, the mortality following cholecystectomy 
should be no larger than in choleeystotomy. In various other reports, 
the mortality following cholecystectomy ranged from 25 per cent in the 
French literature, to the report of Mayo of less than 2 per cent in five 
hundred operations. Through all that period the caution was given that 
the mortality may be increased by the attempt to remove the organ, 
leading up to the dictum of Deaver, “when in doubt, drain.” 

The technical phases of the operation of cholecystectomy gradually 
received more attention. There was an active debate, which continued 
over several years, upon the relative feasibility of the up-down or the 
down-up method of procedure. It was the demonstration of the down-up, 
or the so-called reverse, method of removal that stimulated the attempt 
to perlorm cholecystectomy in a larger group of eases, those instances 
in whi ch a pancreatitis was demonstrated or suspected being, of 
lOr'Ie.-a f(, r publlc.-itlon, October Cl. 1936. 
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course, excepted. In these eases, the gallbladder was purposefully left 
to insure drainage of the biliary system as a part of the treatment for 
the inflammation in the panereas. 


There is no keener procedure in surgery than that wherein the cystic 
duct and artery are positively identified, ligated under the sense of sight 
and touch, the liver attachments severed by the cut-and-sew method, 
with the last step of the operation, the tying off of the gallbladder at 
the liver notch, with the removal of the disease and the whole field com- 
pletely repaired. 'Whereas at the beginning, cholecystectomy was used 
only in case of gross pathology, the accumulated experience and reports 
of success led to the operation in cases of mild pathology — the white- 
walled and the strawberry gallbladder. There were also those who 
advocated cholecystectomy on a purely symptomatic basis. Over the 
years the accumulated evidence indicates, and I think it is the general 
consensus of opinion, that the prime object of surgical attack on the 
gallbladder is its removal and that a failure to do so yields a sense of 
defeat in the performance of incomplete operation. 

There are conditions, however, wherein the attempt at formal excision 
carries with it a risk of an operative misstep, a stormy convalescence, or 
a fatality. That such events do occur is witnessed by the ingenuous 


plans in the literature for the reconstruction of the common duct, the 
not infrequent reports of secondary operations where conditions are 
found producing symptoms which may fairly be placed on a technical 
basis. Mortality statistics of individual surgeons and special clinics 


show a satisfactory improvement, but recent interesting and important 
sumys of general clinics, where the work of many surgeons is included, 
indicate that the average result of operations in this field carries a mor- 
tality which is still somewhere between 3 and 4 per cent. Add condi- 
tions outside the operative field— the obese patient, incomplete exposure, 
inadequate relaxation of the fighting anesthesia, the aged and debilitated 
tient hypertension — all these conditions and others in which the time 
element of the operation may be a factor in recovery may accumulate 
t a point where this suggested technic may have a wider application 
tUn I care to indicate and sponsor at this time. When the landmarks 
1311 1 irlorJ when the excision carries a risk of injury to the strue- 
^ C ° bout’ the <ra II bladder, when the integrity of the gallbladder 

Ss OTMTtnta ,'l MS*** »'■» <">"* b ' --cmMeml. 

, +1 ,„ procedure, I have resurrected an illustration now 
To illustrate the procea , (originally in color), 

, twanty-seven jeais J > ' 

bulled • j n {], e cystic duet, may not represent an unusual 

showing impaete s some 0 £ t j, c cases operated upon by this 

condition. I n T i sa J ^ at j on t0 note the narrow margin of safety that 
plan, it has been a ie attempt j n „ cholecystectomy, whenever the base 
the surgeon assumes 
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of the gallbladder has folded over the common duct, the common duct 
the site of inflammatory change, or the cystic duct widely dilated. If 
one will visualize the large cystic, or the small contracted, gallbladder, 
the first step (Fig. 2a) is to split the wall so that the resulting wings 
are equidistant from the attachments to the liver. This incision is carried 
down, until the cystic duet is demonstrated from within. The extent 
of this incision lies within the judgment of the operator; I believe 
it should be limited to a definite margin of safety. The second step 
(Fig. 2b) is to “wing” the gallbladder by two opposed symmetrical in- 
cisions carried down to a point decided upon in the separate case, but 
still within a margin of safety. The “wings” are completely removed. 
The two steps concluded leave a strip of the gallbladder wall and mucous 
membrane wide enough to completely preserve the normal attachments 



He. 1.- — Tiie cut resurrected from the article of twenty-seven years ago is shown, 
in Uie situation of impacted stones m the cystic duct, this plan of cholecystectomy 
would not be complete, but it would clearly demonstrate the condition. (Fig. 2, 
fcurg., Gynec. & Obst. 8 j 337, 1909.) 

to the liver. In trying to find a comparison of this situation to some 
common resemblance, I would suggest that it looks like a ladle, the 
handle of which is the strip on the liver, and the cup, the mucous mem- 
brane lined base of the gallbladder. I think it worth while to keep this 
comparison in mind, because the success of the operation depends upon 
tlie achievement of the next step. The third step (Fig. 2c) is the careful 
dissection of the mucous membrane of the handle and the cup. The line 
of cleavage between it and the wall is readily found at the liver notch. 
Lvcrv effort, is made to preserve the continuity of the mucous membrane 
the handle, in order to load to line of cleavage between the mucous 
membrane aijd the wall of tlie eup. This latter excision may he cxact- 
ititr. Tn one case, the tissues were so friable that all I could do was to 



surgery 

curette this pocket in the hope of a complete removal of thn 
membrane. ]n another ease there was • T C mueous 

complete removal. Unless this sten is o' 1 ° ln,eej ' fam b r of its 

up with those eases wherein the - „ ‘f ’, ' , ”'"“ durc «"« 

cystic duct, leaving a part o l e IT, IT ■ ” C ” ” b “™ 11,0 

- - c: 



Fig. 2.— n and b. These incisions slioul.l he eaivfullv „„d sviinm-ti i. -ill,. 
to avoid confusion of direction and extent, c, I asked Miss H rscli of tlio Art SI, on 
to make tile picture of tlie ladle diagrammatic. The surgeon will vimtoilfo ri'JJ*? 
of combinations of width of handle and depth und irregularities of the cup X think 
nf the handle should be left to insure its suture in»n „ Jli „ , 1 l,,,n I K 
rSfe edP he .oft to aiiow l suggest K 

The fourth step is tlie suture ol the wall of tlie ampulla around a 
tube, and the continuation of the suture up the gallbladder wall still 
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adherent to the liver, in order to cover, or at least diminish in size, 
denuded surfaces and control bleeding. 

The first objection to such a procedure is that in opening the gall- 
bladder so widely, infectious agents are released upon the peritoneum. 
In this group of selected cases, the peritoneum is often involved, as 
shown by adhesions, and the absorbability of the peritoneum thereby is 
lessened. It is an established fact that the clean peritoneum will with- 
stand gross insult with recovery, provided the time element of the irrita- 
tion has not been carried over too long a period. In this case, the area 
is immediately drained. I have been deeply impressed by the studies 
of Andrews on the infectious nature of the gallbladder contents, even 
to the point of questioning the appropriateness of the term "empyema” 
of the gallbladder. I believe his studies fit with my clinical observations 
of such conditions. However, this is a valid objection which the surgeon 
must balance on the question of leaving the gallbladder with drainage 
on the one hand, or the attempt to remove it by formal methods under 
difficult and dangerous circumstances, on the other. 

The second objection is that some of the gallbladder wall is left in situ. 
Andrews indicates that infection resides in the wall. From a clinical 
standpoint, this objection is of negligible worth. 

The third objection is the one which has deterred me from saying 
anything about the plan to anyone except those in my immediate con- 
tact. This objection is that the procedure must be classed as crude, 
bizarre, trick surgery, which offends one's sense of propriety, when it is 
compared to the ideal methods. Yet I believe the operation is founded 
on proper surgical principle in that the mucous membrane lining is re- 
moved. Clinically it is not the wall that is often at fault, but the mucous 
membrane, which by its structure tends to continue its function of secre- 
tion even under the most extraordinary and adverse conditions. The 
procedure is comparable to that used in inflammatory ovarian cysts, in 
which the formal removal of the tumor was impossible, but which yielded 
results when the mucous membranes were removed with collapse and 
atrophy of the wall. 

My first operation was done in 1921, without premeditation and under 
a sense of desperation to do something to a ragged, friable gallbladder, 
to complete, the operation, and to get a sick patient to bed, where she 
"as placed with an expectation of a fatality. The convalescence in this 
case was so free from concern that I began to wonder whether the pro- 
cedure were not acceptable. The second ease was a man, whom we 
b.ul observed over several years, with persistent hypertension of systolic 
2b0, diastolic 130. He developed a tumor mass in the right upper quad- 
rant with symptoms imperative of relief. He was the first patient in 
"hom this procedure was deliberately selected. The gallbladder was 
removed, as above described, with less concern than often follows the 
m dinary case. The man lived for several years to die of apoplexy. 
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curette this pocket in t lie hope of a complete removal of the mucous 
membrane. In another ease there was a note of uncertainty of .its 
complete removal. Unless this step is complete, the procedure lines 
xi]) with those cases wherein the amputation has been made above the 
cystic duct, leaving- a part of the gallbladder in situ, a condition which 
invites the re-fonnation of the gallbladder, so well described by Beye. 



0 _.] 7 , These incisions should be ca ivful lv and symmetrically made 
Fig. 2.-— 0 > direction and extent, c. I asked Miss Hirsch of the Art Shop 
to avoid corny ‘rj" f *i lC ladle diagrammatic. The surgeon will visualize all sorts 
to make the Pjc w i f ith of handle and depth and irregularities of the cup. I think 

of combinations oi s | 10 utd be left to insure its suture into a cord and enough 
enough of the m allow suture about the drainage tube. I suggest the surgeon 
nf the cup dc nf t i ie nuicous membrane on those cases where the gallbladder 

try out the dis-cc formal methods, d. It has been suggested that the tube be 
had been trough the handle. So far this has not been done, 
brought up 

, ste „ j s the suture of the wall of the ampulla around a 

The f° ul ) continuation of the suture up the gallbladder wall still 
tube, and the com 
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adherent to the liver, in order to cover, or at least diminish in size, 
denuded surfaces and control bleeding. 

The first objection to such a procedure is that in opening the gall- 
bladder so middy, infectious agents are released upon the peritoneum. 
In this group of selected cases, the peritoneum is often involved, as 
shown by adhesions, and the absorbability of the peritoneum thereby is 
lessened. It is an established fact that the clean peritoneum will with- 
stand gross insult with recovery, prodded the time element of the irrita- 
tion has not been carried over too long a period. In this ease, the area 
is immediately drained. I have been deeply impressed by the studies 
of Andrews on the infectious nature of the gallbladder contents, even 
to the point of questioning the appropriateness of the term ■‘empyema’" 
of the gallbladder. I believe his studies fit with my clinical observations 
of such conditions. However, this is a valid objection which the surgeon 
must balance on the question of leaving the gallbladder with drainage 
on the one hand, or the attempt to remove it by formal methods under 
difficult and dangerous circumstances, on the other. 

The second objection is that some of the gallbladder wall is left in situ. 
Andrews indicates that infection resides in the wall. From a clinical 
standpoint, this objection is of negligible worth. 

The third objection is the one which has deterred me from saying 
anything about the plan to anyone except those in my immediate con- 
tact. This objection is that the procedure must be classed as crude, 
bizarre, trick surgery, which offends one's sense of propriety, when it is 
compared to the ideal methods. Yet I believe the operation is founded 
on proper surgical principle in that the mucous membrane lining is re- 
moved. Clinically it is not the wall that is often at fault, but the mucous 
membrane, which by its structure tends to continue its function of secre- 
tion even under the most extraordinary and adverse conditions. The 
procedure is comparable to that used in inflammatory ovarian cysts, in 
which the formal removal of the tumor was impossible, but which yielded 
results when the mucous membranes were removed with collapse and 
atrophy of the wall. 

Hv first operation was done in 1921, without premeditation and under 
a sense of desperation to do something to a ragged, friable gallbladder, 
to complete the operation, and to get a sick patient to bed, where she 
was placed with an expectation of a fatality. The convalescence in this 
case was so free from concern that I began to wonder whether the pro- 
cedure were not acceptable. The second case was a man. whom we 
had observed over several years, with persistent hypertension of systolic 
2G0. diastolic 130. He developed a tumor mass in the right upper quad- 
rant with symptoms imperative of relief. He was 1 he first patient in 
whom this procedure was deliberately selected. Tiie gallbladder was 
removed, as above described, with less concern than often follows the 
ordinary case. The man lived for several years to die of anoplexv. 
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curette tills pocket in tlie hope of ;i complete removal of the mucous 
membrane. In another case there was a note of uncertainty of its 
complete removal. Unless this step is complete, the procedure lines 
up with those cases wherein the amputation has been made above the 
cystic duct, leaving' a part of the gallbladder in situ, a condition which 
invites the re-formation of the gallbladder, so well described by Beye. 
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In the literature, there are many valuable and practical suggestions 
and procedures other than the formal down-up and up-down methods of 
attack on the gallbladder — electrocoagulation, subserous cholecystectomy 
— and I feel sure that every surgeon must, at some time or other, have 
found it necessary to substitute or add steps to meet special conditions. 
My feeling is that should the above plan be the same or similar to any 
such of your steps, then I simply suggest it support these steps. I have 
no desire to offer anything new, but to present a plan of an emergency 
nature, a way out of the complicated cases, and to exclude the risks of 
injury to the common duet and particularly to the liver. It might 
interest you to scan that old article of twenty-seven years ago and read 
it in the light of experiences of these succeeding years. You will read 
an argument by MacLaren, which seems to me perfectlj 7 valid today, 
on the care of selection of cases for cholecystectomy in which he points 
out that the general surgeon should not expect a less than 2 per cent 
mortality in the surgery of this field. I still believe that it is no disgrace 
to do a choleeystotomy. MacLaren cites several cases observed over 
several years with no return of symptoms. His opinion was that chole- 
cystectomy was often performed because of a fear of a second operation. 
He had a belief that postoperative concern was in direct relation to liver 
injury, or exposure of the raw surface in the gallbladder bed. I tried 
to collect some evidence along this line, but the findings were so variable 
that no conclusions could be made. Yet over the years, I have been more 
concerned about direct injury to, traumatism of, and exposure of de- 
nuded surfaces, than I have been over the peritoneum. The peritoneum 
has a wonderful faculty of recuperation. What happens to the liver? 


CONCLUSION 


The following arguments can be listed in support of this plan, or simi- 
lar plans : 


1- Speed of achievement. 

2. The assurance to the surgeon of an ineffable satisfaction in the 
knowledge t hat no damage has been done to structures outside the field. 

ie plan of excision erases the possibility of injury to the liver and the 
( anger of secondary hemorrhage. 

3. It meets the first principle of any plan for cholecystectomy, the 
lemoval of the mucous membrane. 

k It provides drainage of the biliary system for cases of suspected 

pancreatitis. 


It leaves a valuable guide to essential structures should n second 
attack on this field be indicated. 


Y hat 1 oft or is an odd operation based entirely on clinical experience, 
' ‘ ' : ' H developed into a formal series of steps to meet the reouirc- 
nts of t})e complicated situations. 
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I had hoped to have an impressive series of eases to report, but I have 
found but. sixteen done by my associate, L. E. Daugherty, together with, 
or by, myselt. The. mortality has been nil. In but one ease was there 
complication. I shall conclude my paper by an abstract of this case, 
which will give the picture of conditions under discussion : 


Case Report. — B. H., soveiRy-two years old, entered St. Luke's Hospital, St. 
Paul, Minn., June 14, 1933. Previous illnesses: Typhoid fever thirty years ago, sup- 
purative appendicitis twenty years ago, and a severe attack of facial erysipelas one 
year ago — all intensely infectious diseases. 

Present Complaint . — Progressive painless jaundice of three weeks’ duration. 

Becent History . — Has not felt well since April, 1933. Thought he had a cold 
and has felt weak and listless. Appetite fair — favorite foods, cabbage and fatty 
foods, weight, loss of 15 pounds. For three weeks noticed white stools, dark urine, 
and itchy skin. No sharp colicky pains. 

Examination . — Temperature and pulse normal, intense jaundice, achylous stools, 
and urinary findings of complete biliary obstruction. A palpable mass was found in 
the right upper quadrant of abdomen. 

Preoperativc Diagnosis. — (1) Carcinoma head of pancrens. (2) Gallbladder dis- 


ease. 

Operation . — After the usual examination and preparation for operation, the ab- 
domen was opened to find a tense gallbladder completely hidden in adhesions which 
were easily separated, except at one point where time was taken to disprove per- 
foration into the duodenum. There were stones in the gallbladder; cystic and com- 
mon ducts were palpated. The gallbladder was split and many stones were removed. 
Several stones in the common duct were expressed through a dilated cystic duct, ex- 
cept one which was the site of such inflammation that the tissues of the common duct 
would not withhold retaining stitches. This stone was removed by sense of touch, 
and margins of the incision were promptly lost. An attempt to place a T-tube failed 
after many efforts. The gallbladder was removed by the plan above described; the 
cup and drainage were established. That night lie suffered from acute urinary reten- 
tion requiring catheterization. During the next week, more attention was given to the 
urinary bladder than to the wound, which drained bile through the tube in profusion. 
On the seventh day, the patient had a chill, high (emperature, and acute delirium, 
d t]iat cv ening tire wound ruptured, requiring the usual midnight re-suture. This 
* urrence should be noted as it followed this particular technic. The patient re- 
occ * . j f rom the second operation, bile was obtained in profusion, but there 

covere P™™ of bilc - m t ], 0 stools. He was discharged, to be taken care of at 

was no v PP ‘ ‘ bj]e ;n thc st00 i s which could not be explained by the ingestion 

home. J- hbtq " 
of bile in the food. 

19 0 3 no positive improvement in local condition indicated further 

In °cto or ’ ^ ' ration W as done at St. Luke’s Hospital on October 4, 1933. 
attack, i ie opened to find that the handle of the ladle was a perfect guide to 
The abdomen " ns ^ promptly identified to find a stone which had receded 

the common uc j ^ ^ operation. This was removed, and n T-tubo readily 
into the liver sinuses coiicern t() no f e that there was still a debatable quantity of 
inserted. B " as a c j 0Q ] s cve n after what seemed to be a careful exploration of the 
normal bile in the . oo _ ^ f ear that all the manipulation of it had resulted 

ducts. Gradually «imc ' ^ ^ imccrta ; n(j . was one of the most wonderful ox 

jn a constriction. ‘ aml professional care of this patient by his physician, 

hibitions of persona *" M months the situation began to clear up and the man, 

B. V. Goltz to * apparently in splendid health, 
recently checked up, >- TP 



EDEMA IN SURGICAL PATIENTS 


Wilfred C. Curphev, M.D., Las Vegas, New Mexico, and 
Thomas G. Orr, M.D., Kansas City, Kansas 

(From the Department of Surgery, University of Kansas School of Medicine) 

nPHE development of edema in surgical patients is not an uncommon 
occurrence, particularly since the parenteral administration ol 
liquid has become common practice. Patients depleted by starvation, 
infection, and blood loss may develop edema rapidly and to extreme 
degree if the quantity of parenteral liquid is excessive. 

According to Starling’s hypothesis , 1 edema is explained by varia- 
tion in exchange of water between the blood and tissues, as deter- 
mined by a balance between the hydrostatic pressure in the capillaries 
and osmotic pressure of plasma proteins. Lack of oxygen has been 
shown by experiment to increase the permeability of the capillary 
walls, permitting filtration of fluid and protein from the capillaries 
into the tissues . 2 Leiter 3 was the first to attempt alteration of the 
osmotic pressure by depleting the plasma proteins by plasmapheresis. 
Since then, many variations of these experiments have developed, and a 
definite relationship between plasma protein depletion and the de- 
velopment of edema has been established. Jones and Eaton , 4 in an 
excellent study, have applied this principle to surgical patients. They 
have referred to this edema as nutritional, since they feel that under- 
nutrition is the principal factor in the pathogenesis of protein depletion. 
As contributing factors, they have mentioned blood loss, purulent drain- 
n »e, and the general effects of sepsis. Jones, Eaton, and White 5 ob- 
served in experimental animals that edema accumulates in the paren- 
chymatous organs, as well as the subcutaneous tissues and draw the 
' er - v reasonable conclusion that the cardiorespiratory apparatus will not 
function normally with an excessive quantity of water in the muscles 
of the heart and tissues of the lungs. Weech, et al.,° in extensive experi- 
ments on dogs rendered edematous by inadequate protein intake and 
plasmapheresis, found that edema was not produced in the absence of 
salt intake. Other experiments indicate that the sodium ion is the edema 
producing element rather than chloride, since sodium bicarbonate pro- 

< lues edema, and potassium chloride results in weight loss and decrease 
of edema . 7 

I he relationship of total serum protein depletion in the blood and 

if i o\elopment of edema depends almost entirely on the depletion of 

j^jwnim albumin content of the blood plasma. Bruckman and 

lanho-I for publication, October 23, 193G. 
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solutions used were 5 per cent dextrose alone, or in physiologic sodium 
chloride solution, or Ringer's solution. These solutions were at times 
modified to suit the body sodium chloride requirement. 

If one studies all twenty-eight eases from the standpoint of total pro- 
tein levels and the occurrence of edema, it is quite apparent that edema 
is closely associated with diminished total protein. Practically all of the 
eases presenting clinical edema had a total protein content of the 
blood of 5.5 gm. or less. However, several cases with a lower reading 
had no edema. Since the quantity of fluid intake influences the occur- 
rences of edema, the total protein readings have been graphed with 
relation to the amount of fluid intake (Pig. 1). As can be seen in the 
chart, edema occurred in patients receiving 1,500 to 2,000 c.e. of solu- 
tion daily. This may be explained in part by the fact that five of the 


3 

s 


u. 

o 

. 7 - 
M 
u 

o 6- 
o 

£ 5 - 
a 

<n 

2 4 - 
< 
cc 

°3 

2 

Z 2 
2 
D 

10 , 
-J 1 
< 


• HAO EDEMA 
O DID NOT HAVE EDEMA 


CRITICAL o 


T 


*1. 


•• c 


LEVEL 


-CL 

o 

o 


iOo’ToOO^SOoTooO^OoTQoTzSOO^OOo'AiOo’iQOO 
daily liquid intake in cubic centimeters 


ric. 2, — Seventy-four serum albumin determinations in ftventy-eiyht patients. 


patients were under sixteen years of age and received less total fluid, 
but as much or more in proportion to body weight than the adults. 
In several adult cases, receiving 3,500 c.c. or more of saline solution, 
edema was present when the total protein level was six gm. or more, 
ihe “critical level” of the serum albumin in this series is approxi- 
mately Z gm. per 100 c.c. of blood (Fig. 2). 

In this study it was noted that those patients having gastric lesions 
or peritonitis were more likely to show a decrease in protein and to 
develop edema. 

It is quite apparent that there is a close parallel between the de- 
crease in total protein and the albumin fraction. The globulin is iu- 

ependent of this decrease and often increases, producing an inver- 
sion of the albumin-globulin ratio. 

In ail analysis of the cases from a standpoint of edema and prog- 
nosis, it can safely be said that only those cases seriously ill develop 
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Peters 8 indicate that edema almost invariably develops when the 
serum albumin falls below 3 per cent in patients with malnutrition. It 
is their opinion that osmotic pressure is influenced far more by albu- 
min than by globulin. Moore and Van Slyke 9 conclude that the tend- 
ency to edema in nephritis, except in rare cases, appears to be corre- 
lated about as closely to the total protein as to the albumin fraction. 
They estimate that edema is usually present with a total protein of 
5.5 + 0.3 per cent, or albumin 2.5 ± 0.2 per cent. The point in the re- 
duction of total protein or serum albumin at which edema appeal’s has 
been termed the “critical level.” 

A series of twenty-eigii't surgical cases has been studied in the Uni- 
versity of Kansas Hospitals in an effort to determine the type of sur- 



OAILY LIQUID INTAKE IN CUBIC CENTIMETERS 
j Ninety-seven total serum protein determinations in twenty-eight patients. 


gical patients most likely to develop protein depletion and edema, the 
effect of low serum protein and edema on prognosis, and the most 
effective method of combating such changes. In this series are in- 
cluded eight eases of appendicitis with peritonitis, four cases of ap- 
dical abscess, two cases of perforated peptic ulcer, three cases of 
Tdestinal obstruction, four cases of carcinoma of the stomach, and one 
1 each of Banti's disease, hypernephroma, simple acute appendi- 
c f S . e secon d degree bums, Pick's disease, pyloric obstruction, and 
C1 IS grtrophied prostate. These cases were selected, either because 
. es ented evidence of edema, or because there was reason to ex- 
fhev P 1 _ ‘ (jgpietion because of impaired nutrition. The group of 
pect ? n ° ma ]j (rnaiu; i es and peritonitis cases were treated by gastric 
gastric ° j ins subjected to starvation. Repeated blood protein 
suction an alK i fluid intake and output recorded. The 


detern» natl0,,s 


rere made and fluid intake and output recorded. The 
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solutions used were 5 per cent dextrose alone, or in physiologic sodium 
chloride solution, or Ringer’s solution. These solutions were at times 
modified to suit the body sodium chloride requirement. 

If one studies all twenty-eight cases from the standpoint of total pro- 
tein levels and the occurrence of edema, it is quite apparent that edema 
is closely associated with diminished total protein. Practically all of the 
eases presenting clinical edema had a total protein content of the 
blood of 5.5 gm. or less. However, several cases with a lower reading 
had no edema. Since the quantity of fluid intake influences the occur- 
rences of edema, the total protein readings have been graphed with 
relation to the amount of fluid intake (Pig. 1). As can be seen in the 
chart, edema occurred in patients receiving 1,500 to 2,000 c.c. of solu- 
tion daily. This may be explained in part by the fact that five of the 
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patients were under sixteen years of age and received less total fluid, 
but as much or more in proportion to body weight than the adults. 
In several adult eases, receiving 3,500 c.c. or more of saline solution, 
edema was present when the total protein level was six gm. or more, 
lhe “critical level” of the serum albumin in this series is approxi- 
mately 3 gm. per 100 e.c. of blood (Pig. 2). 

In this study it was noted that those patients having gastric lesions 
or peritonitis were more likely to show a decrease in protein and to 
develop edema. 

It is quite apparent that there is a close parallel between the de- 
crease in total protein and the albumin fraction. 1’he globulin is in- 
dependent of this decrease and often increases, producing an inver- 
sion of the albumin-globulin ratio. 

I» an analysis of the cases from a standpoint of edema and pro^- 
B osis, it can safely be said that only those cases seriously ill develop 
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edema. Of the twent} 7 -eight eases, fourteen presented clinical edema, 
and, of these fourteen cases, five died. Included in the list of five 
deaths are one ease of Pick's disease, one of Banti's disease, one of 
carcinoma of the stomach, and two with perforated appendix and 
peritonitis. It is doubtful if the first three deaths were influenced 
in any way by edema. It is possible that edema might have been a 
lethal factor in the two cases of peritonitis. One of these patients had 
pulmonary edema. While it is impossible to state with certainty that 
the development of edema influenced the death rate in this series, we can 
say with assurance that all patients having edema were seriously ill. 

In each of those cases developing edema, particularly the peritonitis 
cases, an effort was made to replenish the blood proteins by blood 
transfusion and, in this way, relieve the edema. A transfusion of 
500 e.c. of blood has little effect on the total protein content of the 
blood serum. A single transfusion cannot be expected to raise a de- 
pleted blood protein of the recipient a great deal, since the donor's 
blood contains only the normal quantity of total protein -which is 
greatly diluted by the recipient’s blood. However, repeated trans- 
fusions are beneficial and usually effect a gradual rise in blood pro- 
teins. It is impossible to say from our data whether blood trans- 
fusions have a desired effect on the edema, since the intake of water 
and sodium chloride was reduced as soon as edema appeared. In sev- 
eral instances, it was noted that the urinary output was increased 
following such measures. 

SUMMARY 

Returning to our original three questions in summary, it can safely 
he stated, from the study of these cases, that the patient most likely to 
develop surgical edema is one subjected to starvation associated with 
an infection such as peritonitis. Edema need not be expected if the 
total serum protein is not permitted to fall below the critical level, 
and if the intake of sodium chloride is not excessive. Edema appeared 
in those cases of prolonged and serious illness, and for this 
icason the occurrence of edema in any surgical patient is one of the 
many signs suggesting the seriousness of the illness and a possibly 
unfavorable outcome. When the development of this complication oc- 
curs or is imminent, as shown by blood protein depletion, repeated 
ti.msfusions are indicated. If edema develops, the intake of sodium 
‘M onde should he immediately discontinued. A 5 per cent dextrose 
sn u, ' on m «y be given to supply the necessary liquid. 


V. U.XV UUvJIU.'O 


’!■ thc . c,nnger ot ' 0t,ema - Parenteral feeding and watering 

shonl'i i >0 d T , ' U,,,U ‘ <1 i>s earI - v J,s P° ssihIe - The *«ck surgical patient 
< tave food and water by mouth as soon as they can he tolerated. 
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Metabolic balance cannot be maintained by giving dextrose, sodium 
chloride, and water by parenteral methods. With a low serum pro- 
tein, sodium chloride is the principal edema producing factor when 
administered in excessive quantities. 

In this series of twenty-eight patients, those having gastrointestinal 
disease, to whom food could not be given by mouth for several days, 
showed the greatest tendency to develop edema. 

While evidence that patients with low serum protein and edema are 
favorably influenced by transfusions is not conclusive from our ob- 
servations, we believe that repeated transfusions are indicated when 
protein cannot be immediately given by mouth. 
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DIVERTICULOSIS OF THE SMALL INTESTINE: 
REPORT OF THREE CASES 

Donald Guthrie, M.D., and Felix A. Hughes, Jr., M.D., Sayre, Pa. 

T WO varieties of diverticula occur iu the intestinal tract, the acquired 
and the congenital. When all the layers of the normal intestinal 
wall are present in the diverticulum, it is called a true one. The familiar 
Meckel’s diverticulum is a true congenital diverticulum. The acquired 
variety are of the mucous membrane hernia type and have little or no 
muscular fibers in their walls. This type of false diverticula may occur 
in any portion of the gastrointestinal tract, but it is most frequently 
found in the sigmoid and duodenum. This paper concerns the infre- 
quent, acquired diverticula that occur in the small intestine. 

Historical. — The literature of multiple jejunal diverticula begins with 
Sir Astley Cooper’s description, in 1S44, of numerous pouches in the 
upper jejunum of a sixty-five-year-old man. Sir William Osier, in 
1881, recorded the case of a sixty-five-year-old male with fifty-five upper 
jejunal diverticula, varying in size from that of a cherry to that of a 
large apple. Virchow, Edel, Grassbex’ger, Ilenseln, Hansemann, Hanau, 
and Nicholls each described cases before 1900. Klebs, Hansemann, and 
Hanau devoted their attention to the subject in 1S96. Klebs first sug- 
gested the opinion now generally held that the pressure of fluid and 
gas in the intestine is the initiating force of the diverticula. Hanau 
produced trenchlike furrows on the mesenteric border of a loop of 
bowel filled with water and subjected to hydraulic pressure. In this 
way Hansemann produced in the intestines of old persons diverticula 
iclated to the blood vessels. Chlumsky found that the intestines of 
living dogs ruptured on the antimesenteric border, but that on dis- 
tending intestine removed from a dog, ten hours after death, they 
mptured into the mesentery. It was Klebs who first noted the rela- 
tionship between the diverticula and the blood vessels; lie described 
the site of entrance of the blood vessel through the intestinal wall as 
the locus minoris resisfentiae. His belief that the blood vessels caused 
a c U P° U the mucous membrane has not been substantiated. 

n.iser, in 1S99, thought venous congestion was a factor in causing 
a wc «Kcncd area in the bowel wall. In 1900, Sudsuki suggested that 
'degeneration 0 f the connective tissue sheath of the veins produced 
a site of lowered resistance. Fischer, in 1900, held that chronic consti- 
pa ion, traction, chronic passive congestion, and gas pressure were of 
v io ogie •significance, lie found that the circular muscle first disap- 
ptaiu with the outer coat remaining intact for some time. After the 
Mveijcu a attained a large size, the outer muscular coat also disap- 

“'H <,1 for jrniilicuiion, November 11 . 193G. 
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peared; once the herniation had started through Site gap produced by 
the blood vessel, it then followed the line of least resistance, which was 
not always along the blood vessel. Beer reviewed the subject in 1904. 
Gordinier and Sampson described a case, diagnosed at operation, in 
1906. The roentgen diagnosis of the condition was first described by 
Case, in 1920, who reported the first case so diagnosed. 

By 1924, "Watson found that twenty-nine cases of jejunal diverticula 
had been recorded; in 1935, Rosedalc found seventy-one recorded eases. 
As yet, less than 100 cases have been reported. Recent reviews of the 
subject have been written by Chapman, Edwards, Schmidt and Gutt- 
man, and by Rankin and Martin. 

Incidence . — Case found an incidence of 1 in 1,000 (0.1 per cent) in 
10,000 consecutive barium meal examinations, as compared with 1 in 200 
(0.5 per cent) postmortem examinations done at Johns Hopkins Hos- 
pital. Rankin and Martin reported that 1 case to 36,357 barium exam- 
inations .of the stomach and duodenum were found at the Mayo Clinic; 
however, 3 cases were found at the Mayo Clinic in 957 stasis examina- 
tions of the small intestine. Larimorc and Graham found 3 cases in 
3,446 complete gastrointestinal studies. Rosedalc found 3 cases in 5,000 
autopsies. Edwards found 5 eases in 8S1 autopsies during the past, four 
years when particular search for the condition was made, an incidence of 
0.57 per cent which he feels is quite accurate. From these statistics, 
it is evident that many cases will not he found by the pathologist or 
roentgenologist who docs not examine the small intestine with the con- 
dition in mind. 


Age and Sex . — Chapman found in his review that 13 were males, 
averaging 62.8 years of age, and 8 were females with an average age of 
59.7 years. In Rankin and Martin’s 52 cases from the Mayo Clinic, 
there were 38 males ; the average age of the group was 55.6 years, and 


the ages varied from 21 years to 82 years. The diagnosis was made at 
operation in two cases, and in each ease the patient was 65 years of 
age The average age of the 11 eases reported by Edwards was 56 years; 
8 of his patients were males. 

Pathology.— For a detailed description of the condition, the reader 
’ referred to the recent article by Edwards, who has summarised his 
findings as follows: The diverticula may ho either single or multiple, 

1 site of herniation corresponding with Use site of entry of the blood 
I' 6 S p thus the diverticula are typically located on the mesenteric bor- 
VeSSC T ease of a diverticulum on the antimosenterie border, the open- 
der. n Cl nC ] s w j{}, the entrance of an unusual vessel. During their 
ing coiiespo . . ,. arrv with them a layer of muscle which is 

tete of 11* 1«W (live, 'I ir.iln. 

absent m onwaph of a portion ot the .specimen removed trom 

Fig- 3 is il P U in ' t J lc Guthrie Clinic. This site shows the variations 
the first case see Hicnla . m( | a ] so shows their situation in regard 
in the size of ' ! . (c( ] jj m t n p the diverticula shown, with 

to mreentenc Imc- >• 
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the exception of one very large one on the extreme right, arise on one 
side or another of the mesenteric line. At no place was there sym- 
metrical herniation on each side of the mesenteric line. The medium- 
sized bilobed diverticula were formed by two diverticula on the same 
side of the mesenteric line, becoming continuous. Only rarely did the 
fusion occur across the mesenteric line, and then only when the diver- 
ticulum was of exceptional size. 

The relation of the blood vessel to the diverticula is shown in Figs. 
2 and 2A. This also shows the extreme variation in the size of the 
diverticula that may be present in one segment of the bowel. The small 
diverticula have only one vessel related to them. After fusion of two 
or more diverticula has taken place, there are two or more vessels re- 
lated to the ultimately formed diverticulum. 

The large diverticula are very thin and transmit light readily. Their 
walls contain only mucous membrane and serosa. In the small diver- 



T.r'n,.b~r^ °4.1 0n small intestines removed from Case 1. All sizes of diverticula 
of ni-ii-n nt " Til 0 ,,e!atio '> to tile biood vessels Is shown in several places. The point 
Tim ,v,:',i 0n , he ,r side of the mesenteric line is clearly shown near the midportion. 
treme , Tmi!! n r K zert diverticulum on the left is of the bilobed type. On the ex- 
nernsu Vt „ . 1R onc °* Uie few diverticula in the whole specimen removed that extends 
rlol’iin ii 10 hwscnterlc line and thus was formed by fusion of two smaller diverticula. 
” - on both sides of ti.o line Note the increased diameter of the 


orltrlnnii.. » t V. f, llnc iin d thus was formed 
bowel in ti° n * 50t .' s ldcs of the mesenteric line. 
' ol ln li 'C region of the larger diverticula. 


'icuhi, the wall is found to increase in thickness since there has been 
less stretching of the wall. Muscle fibers are present in the smaller 
diverticula. The diameter of the bowel is increased where many diver- 
tiiula are present elosc together. 

Figs. .1 and 4 are photographs of the specimen from the third case 
Kmi il ' Guthrie Clinic. The specimen was resected at operation, 
mu the ligatures on the mesentery are not to he confused with the 
1 ucrticuln. The condition is not as far advanced as in the first speci- 
l '"n, hut otherwise differs in no essential from it. 
of \^‘ tS ' S '~ Fdwnrds states that there is no doubt that the type 
\ under discussion are acquired deformities. Their patho- 

•nm t i 11 '"' 0 "'' ,S 10 he ex Pbbned only by the thesis that the pouches 
' luns " f ,{u ‘ mucous mcnihnmc through the muscular wall of the 
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factors. Chapman attempts to explain diverticula formation as a proc- 
ess analogous to aneurysmal formation: “changes in flic connective 
tissue, loss of elastic tissue, something analogous to hyaline changes in 
the submucosa and finally hammer-like changes in pressure due to rapid 
contractions alternating with periods of complete emptiness.” Edwards 
explains the increased intraintestinal pressure on the basis of irregular 
contractions of the musculature: “As the contents are prevented from 
passing along the bowel by the irregular contraction, the pressure in 
the relaxed portion is increased and the contents are being squeezed 
against the mucous coat and tend to push between any interval that 
can be found between the muscle fibers. The vascular channels, gaping 
to their fullest in the relaxed muscle wall, offer the mucous membrane 
loci minoris resist entiae. ” Barling described an early stage of diver- 
ticulosis of the colon that was observed at laparotomy: “The bowel 
suddenly narrowed at one point till it was no thicker than the index- 
finger, it became extremely rigid and while the spasm lasted, tiny 
saccules appeared between the longitudinal bands, lying like beads 
along the sides of the gut. In a few seconds the spasm passed off and 
the tiny projections could no longer be seen.” 

Thus all are agreed that the two major factors are the point of 
decreased resistance at the site the blood vessel enters the bowel, and 
the increase in the intraintestinal pressure. Edwards’ explanation is 
the most logical and is substantiated by laparotomy and roentgenologic 
observations. It is highly probable that the three patients here reported 


were sufferers from irregular intestinal contractions. 'Die first patient 
developed a duodenal ileus and died on the sixth postoperative day. 
The high intestinal ileus may quite rightly be thought of as a very ad- 
vanced degree of irregular contractions. The second patient developed 
a vicious cycle after a posterior gastroenterostomy which had been cor- 


rectly done, as shown by the second operation. In the third case, an 
otherwise perfect, convalescence was marred by a temporary high in- 
testinal ileus. These findings in the three cases support the theory of 
Edwards that irregular intestinal contractions are an etiologie factor 
in the formation of diverticula, inasmuch ns some form of functional 
derangement revealed itself in the upper intestinal tract associated 
with the presence of jejunal diverticula. 

Smnptomatology.—Thc two outstanding symptoms common to Ed- 
‘cl ’ four cases, in which a diagnosis of diverticula was made by 
W;a S f roentgenography, were vague abdominal pains at an interval 
means .'"flatulence corresponding in time incident with the pain, 

after mease ‘s ])e dcfini(e j v attributed to the presence of 
That the. . s j l0wn fly the relief from these symptoms after the 
the divert icu a ■ mnove( ] nf operation. Rankin and Martin found 
diverticula ha ^ \\xq\y cases gave no distinct ire symptoms rcfcrjibln 
that the majon } 0 tract. Tcngwall states that vnjnu* digestive 
to the gastroirdes in. . ore usually met with in divert icu- 

disturbances with occa 
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losis, but that the commonest symptom is bleeding' from the bowel. 
This is contrary to the experience of others. Braithwaite’s patient 
vomited five pints of unaltered blood. 

In five cases here reported, bleeding either from the bowel or hema- 
t emesis has been present as shown in the accompanying table. Hence 
the incidence of bleeding is around 6 per cent, including the ease re- 
ported here. 

CASE REPORTS 


Case 1. — A seventy-year-old, white male entered the Clinic May IS, 1929, com- 
plaining of loss of weight and strength for the preceding year. During the preceding 



ind had a diarrhea that had started suddenly; previously, ho had never 
month, he >• ^ stomac h trouble of any kind. The stool contained considerable 

had any bowe • * Hjg ]ocal p] lvs j c nn had given him sonic medicine which lie 
mucus, but no 0<- of Ili; , expectoration of considerable material, 

thought might e 1 ^ ^ admission, he had vomited on several occasions. 

During the few s ^ nt j a j, y negative. Physical examination showed a man 
His past history "as cs- ^ rcccn tly lost considerable weight; his normal weight 
weighing 155 pounds, " > ba(J lccth; l,is tonsils were enlarged; his blood 

was 215 pounds. He i - diastolic. Examination of the cl.est and abdomen 
pressure was 122 ^ral large external hemorrhoids, and his 

* , 0 abnormality* 

prostate woe jnoilcmtel.' c “ 5, ? , tiespitnl revealed tic follotvinf,-; ret Wee! 
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77 per cent neutropliiles, 23 per cent small lymphocytes; blood sugar, 91 mg. per 100 
c.c. of blood; blood urea, 46 mg. per 100 c.c. of blood; urine, negative; stomach 
contents, no free acid, combined acid, 19 to 31 units; stool, occult blood positive; 
gastrointestinal series, stomach riding high with considerable narrowing of the 
pylorus, no retention or evidence of ulcer. The temperature, pulse, and respiration 
were normal during the period of study. 

A preoperative diagnosis of carcinoma of the stomach was made and operation ad 
vised. At operation on May 29, 1929, many (70) diverticula of varied sizes of 
the jejunum were found (Fig. 5). These began four inches from the ligament of 
Treitz and extended down the jejunum live feet. The first foot of the jejunum was 
bound down with peritoneal adhesions causing an acute angulation. This portion 
of the jejunum was twice normal size. The large intestine, stomach, duodenum, 
and gallbladder were negative. The involved portion of the jejunum was resected 
and an end-to-end anastomosis performed. The course following operation was 
stormy. The temperature remained normal; the pulse rate varied from 100 to 120. 
Frequent gastric lavage was necessary. The clinical picture was that of a high 
intestinal obstruction which was considered to be paralytic. The patient died on the 
sixth postoperative day. Postmortem examination was limited to the operative in- 
cision. The peritoneal cavity was free from infection. The end-to-end anastomosis 
was patent, and no point of obstruction could be discovered. The intestines were 
normally collapsed. 

Case 2. — The patient was a sixty-year-old male, father of a former Packer 
Hospital interne; a strong personal interest and an added sense of responsibility were 
thus present in the desire to relieve this man of his trouble. His first admission, 
which was of three days’ duration, was December 28, 1934. His complaints were of 
abdominal pain after meals and at night relieved by soda and by vomiting. During 
the preceding two months, this had become progressively worse. Hematemesis and 
melena wore absent. Physical examination was essentially negative. Laboratory 
studies Tcvealcd the following: red cells, 4,040,000; white cells, 7,200; 57 per cent 
neutrophiles, 43 per cent lymphocytes; urine contained 3.5 per cent sugar; blood 
sugar, 210 mg. per 100 c.c. of blood; blood urea, 31 mg. per 100 c.c. of blood. Free 
hydrochloric acid of the stomach ranged from 26 to 80 points, total acid ranged from 
50 to 96 points. Roentgenographically the stomach was slightly up and over to the 
right. There was a small amount of ragged narrowing of the pyloric ring extend- 
ing into the base of the cap ; this was easily smoothed out. Peristalsis was slightly 
exaggerated and motility was good. That portion of the jejunum which lies immedi- 
ately under the pyloric end had a strong suggestive appearance of a diverticulum 
which might be due to adhesions (Fig. 6). We were suspicious of pathology at the 
pyloric end of the stomach. No retention at five hours. 

A diagnosis of peptic ulcer, or possible malignancy, and of diabetes mellitus was 
made. Before leaving the hospital he was given a diabetic diet and a prescription 
for belladonna and alkaline powders. Operation was advised. 

The patient returned to the hospital on January 5, 1935. He was prepared 
and operated upon January 9, 1935. At operation a chronic duodenal ulcer was 
found. Considerable difficulty was experienced in locating the first part of the 
jejunum. During the early part of the operation, the patient stopped breathing 
several times. Gastroenterostomy was decided upon; no diverticulum was found 
in the loop of jejunum anastomosed to the stomach and in the relief of the anxiety 
over not finding a malignant lesion, exploration was not carried further. Two weeks 
after operation, the patient began vomiting, associated with epigastric distress. 
Roentgenogrnpliie examination with a small amount of barium revealed slightly 
exaggerated peristalsis, the stomach emptying more through the duodenum than 
through the stonm, and an npparent rubber hose kinking of the jejunum distal to 
the anastomosis. This appeared to regurgo, completing the vicious cycle. At the 
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losis, but that the commonest symptom is bleeding from the bowel. 
This is contrary to the experience of others. Braitlnvaite ’s patient 
vomited five pints of unaltered blood. 

In five eases here reported, bleeding either from the bowel or hemu- 
t emesis has been present as shown in the accompanying table. Hence 
the incidence of bleeding is around 6 per cent, including the case re- 
ported here. 

CASE REPORTS 


Case 1, — A seventy-year-old, white male entered the Clinic May 18, 1929, com- 
plaining of loss of weight and strength for the preceding year. During the preceding 



lmd had a diarrhea that had started suddenly; previously, ho had never 
rnont i, ie 1 ^ stomach trouble of any kind. The stool contained considerable 

had an) 0 ^ jj- s j (K . a j physienn had given him some medicine which he 

mucus, but no ^ C11USC of his expectoration of considerable material, 

thought nng 1 ^ prior to admission, he had vomited on several occasions. 

During the few a . cs?(!rl t; a lly negative. Physical examination showed a man 
His past histor) ' • ^ ^ recently lost considerable weight; his norw.il weight 

weighing 155 poun s, , )a( , teet u : i,; s tonsils were enlarged; his blood 

was 215 pounds. ^ g 0 diastolic. Examination of the cheat and abdomen 

nressure was 122 s)‘sto »c an several large external hemorrhoids, and his 

s-ntsS-* 

c * ^ l, ' MW ” 


oatatc was Jn (llC hospital revealed the following: red blood 

Further studies of the ?“ V ' g5 per cent; white blood cells, S,200; differential, 
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that were very thin and translucent, showing that they had formed from the 
coalescence of smaller diverticula and were the type of acquired, mesenteric, pulsion 
diverticula under discussion. Following operation, the general condition of the 
patient gradually improved, and he was discharged after four weeks. 

Case 3, — A white male, fifty-four years old, entered the hospital February S, 
1936, because of several large hemorrhages from the bowel. During the preceding 
year, he had occasionally experienced attacks of mucous diarrhea that he attributed 



dietary indiscretions. Six weeks previous to admission, the diarrhea recurred, 
t this time, the stool contained large quantities of minus and occasional! v 
'? me *^ 00( k Quite regularly he awoke at 4:00 AM. and passed a loose stool without 
JKCom ort. He had not lost weight or strength. The patient was very npprehen- 
V * V ° odmissioti, liis skin was moist, and he was slightly pale. His blood pressure 
** ,0 L'Molic and 100 diastolie, and there was systolic murmur over the pre- 

' lum ' Abdominal examination was negative to palpation. The rectum contained 
nu. s of old Mood. Laboratory examinations revealed: red cells. .".,700,000; white 
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end of one hour, there was very poor motility of the small intestine; at three hours, 
there was 50 to GO per cent retention in the stomach; and at six and one-half hours, 
there was 30 per cent retention. 

A second operation was performed three weeks after the first operation. In 
the middle of the proximal loop of the jejunum, a large diverticulum was present; 
a second was present 12 inches below; and a third 20 inches below. Each was thin 
walled and on the mesenteric border. The presence of the ulcer was verified and 
the gastroenterostomy stoma was patent. The first and second diverticula were dis- 
sected free down to the base, the base crushed and ligated, a purse string of catgut 
run around the base, diverticula removed, and the stump treated with inerthiolnte 



. 7 n.o outer coats of the bowel were closed over the Stump with intcr- 
nd inverted. sutures- the rest in the mesentery was closed. The third 

ipted chromic cntgu^ nof rcmove d. Because of the reported obstructive 

iverticulum was stun ^ bismuth was regurgitated back into the stomach, it was 

oint from which tie pro;)(om _ v . sin(;e t i, e cause of the regurgitation was not 

ecidcd to do an en er ^ ^ inteMina ] motility with regurgitation into the 

acchanical, and m '>cw tlie cause of the vicious cycle may quite likelv 

tomach as shown by n ', cnt 0 f muscular coordination corresponding to the 

m vc been a functional dera , ^ KJw , ir(R 

irregular contractions lies. approximately the sire of an English walnut, one 

The diverticula r enl0 ' e ‘ 0 f l.oth contained many small bulging saccules 

larger and one smaller. The • - 
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and involving the next, twenty-three inches (Figs. 3, 4, and 8). Four of the 
diverticula were large, and seven were medium sized. The involved portion was 
resected and an end-to-end anastomosis done with the Rankin clamp. The con- 
valescence was smooth until the tenth day; at this time, daily gastric lavages became 
necessary for four days. A flat plate of the abdomen taken on the fourteenth day 
showed distention of the stomach and duodenum. The obstruction to the lumen was 
thought to be due to a plugging of anastomosis or to a duodenal ileus. Following 
the administration of castor oil, the condition righted itself. The patient was dis- 
charged from the hospital on March 22, 1936. He was seen again on May 22, 
1930, and had gained twenty pounds in weight, was working hard, and felt better 
than at any time during the preceding year. He reported by letter, dated July 10, 
that he was well. 

The common findings of these three eases were : the sex, all were 
males; the age, fifty-four years of age or older; and the type of divert ie- 
tila found. The first, patient had the most advanced pathology and was 
the oldest; his age was seventy years; he had seventy diverticula in 
60 incites of small bowel. A duodenal ulcer and diabetes mellitus 
wore coexistent in the second ease. The third was one of these rare 
eases where a diagnosis could be made by roentgen examination, and 
tints a diagnosis was made before operation. This ease was also rare 
in that profuse rectal bleeding was the chief complaint. Further, the 
operation was the ideal procedure of resection and anastomosis, and 
the patient is now in perfect, health. Two of these patients had a 
mucous diarrhea before admission, and all throe had some derangement 
of the function of the upper intestinal tract after operation. We ai’e 
inclined to ihe belief that this latter manifestation is in favor of the 
theory of Edwards that irregular intestinal contractions play a part 
hi the etiology of the formation of diverticula. 

Complications. — The complications of divert ieulosis are diverticulitis, 
hemorrhage, perforation, intestinal obstruction, and enterolith forma- 
tion. The development of these conditions may be as follows: Infected 
material enters the diverticulum from the bowel where it becomes shut 
ofi. The prolonged contact with (lie mucous membrane which has its 
blood supply impaired due to the ballooning, favors the development of 
a ” inflammatory process. This process may erode a vessel, resulting 
in hemorrhage. The hemorrhage may also result from tearing of a 
blood vessel when the diverticula become excessively distended. The 
inflammatory process may involve the serosa which then becomes scaled 
to the surrounding structures and causes a partial or an acute mtes- 
tuial obstruction; or the process may rapidly erode through the wall. 
I'd locate, and cause a general peritonitis. The material that enters 
the diverticula may become hardened and form an enterolith. 

Ciwtnnxis . — A diagnosis from clinical examination alone has not been 
* "Re. A diagnosis preopcrativdy is possible when the diverticula fill 
p>u (tally or completely with barium, presenting a hall of barium as 
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cells, 7,200; neutrophiles, 05 per cent; lymphocytes, 35 per cent.; urine, negative; 
Kalin, negative; blood urea, 38 mg., and blond sugar, 75 mg. per 100 c.c. of blood; 
platelets, 200,000; coagulation time, (1 minutes; bleeding time, 30 seconds. A whole 
blood transfusion was given February 10, 1030. 

The intestinal tract, was cleaned out very slowly, using mineral oil and mild 
laxatives. For this reason, several proctoscopic examinations were not satisfactory 
because of the old blood. After the blood was all removed, no abnormalities were 
found by proctoscopic examination. Two barium enemas were given; these revealed 
spasticity of the rectal pouch and some narrowing of the sigmoid. Two areas were 



ticula The terminal ileum showed some gaseous distention. Air 
rgestive of < 11 ( ’ r ^ gross pathology could he demonstrated. After a thorough 

jection was done, 11 , delayed barium meat examination was made. 

- nf flu* intent nuu ' '** • * * * 

arising 01 were normal. After live hours, the stomach was empty. 

1C stomach and dum .^'j^pd throughout the terminal ileum. A few small dilated 
d the meal was dis *' 111 r ,. mim'd tile barium. These were interpreted ns 

• rtf thp sm.*!' 1 ‘ 

irtions Rowel {Fig- <)• 

verticula ol »u . ^ twenty-two varying sired mesenteric diverticula 

At opertition on February four inches from the jejunoduodennl junction 

f the jejunum were foU "' ■ 
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described by Case. The diagnosis in Case 3 was made upon the film 
shown in Fig. 7. The barium balls are evident. Most eases are dis- 
covered at operation or diagnosed at postmortem examination. 

Treatment . — The treatment is surgical. The process begins in the 
sixth decade and is gradually progressive. The only possible means of 
relieving symptoms caused by diverticula is the removal of the diver- 
ticula. Resection of the involved portion of bowel is the ideal proce- 
dure. The extent of the process or the location of the diverticula may 
necessitate a less radical procedure. Simple excision of the diverticula 
or a sidetracking operation may be done. 


SUMMARY 


Approximately 100 cases of diverticulosis of the small bowel are on 
record. The condition may be diagnosed by roentgen examination or 
discovered at operation, but the presence of diverticula is most often 
established at autopsy. 

Three cases are reported. The diagnosis was made at operation in 
two, and by barium meal in one. The latter case was confirmed at 
operation, the involved portion was resected, and the patient is now 
in excellent health. The first patient died following resection of five 
feet of small bowel. The second patient recovered after excision of 
the diverticula and an enteroentcrostomy. (He had a gastroenterostomy 
three weeks previously for a duodenal ulcer.) 


A frequent clinical picture is vague abdominal pain associated with 
flatulence. Based on very careful studies, the incidence is approxi- 
mately 0.5 per cent (1 in 200 patients). 

The two important, factors in the pathogenesis are a point of lower 
resistance where the blood vessel enters the intestine, and an increase 
in the intraintcstinal pressure. The development of the latter is ex- 
plained on the basis of irregular intestinal contractions. According to 
lids theory, a portion of the bowel relaxes while the segments on 
. 1 s i ( ie are contracting. These contractions force the mucous mcm- 
Tranc into the gap where the blood vessel enters in the relaxed segment. 

• . c d diverticula of the small bowel arc usually multiple, occur 
on tlm mesenteric border, and arise in the upper portion of the jejunum. 


The treatment is 


suruical, preferably resection of the bowel, but 


lc excision of the diverticula or a sidetracking operation may suit 
the case bcttci ‘ p^lv one of the most frequent causes of vague 

The condition is r* 
abdominal complaints. 
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In most of these methods, the object is to avoid the necessity of cervical 
dilatation, which is a painful procedure usually requiring at least light 
anesthesia. ' 

In other eases, where only a single histologic study is required, there 
is usually no objection, and there may be much advantage, in making 
the curettage a thorough one, especially as a more comprehensive pic- 
ture of the endometrial histology is thus obtained. This is likewise 
true if the indication for the curettage is either partly or entirely a 
therapeutic one. Even greater is the need for thoroughness in curet- 
tage in the diagnosis of suspected pathologic lesions, for an incomplete 
curettage may, for example, miss an area of early adenocarcinoma. 

In a very large proportion of eases of this group, the curettage can 
he performed without dilatation and without anesthesia, by means of 
the suction curette which I recently described, and I believe better by 
this instrument than by any of the several other appliances which have 
been devised for this purpose. The suction curette which I employ is, 
as seen in Fig. 1, simply a long cannula, with a uterine curve, and with 



EiS. i. 


<l sharply serrated cutting upper edge to the fenestrum, which is on the 
concavity of the curve near the open extremity. The cannula is about 
the diameter of the ordinary Rubin cannula for tubal insufflation, so 
that it easily slips into most cervices without previous dilatation. I 
"eed not go into the details of antiseptic cleanliness, which are clearly 
'mpoitaiit. [’he proximal end of the cannula is attached by a very st if]' 
tubing, sufficient to resist collapse from fairly strong negative pressure, 
to the bottle for collection of the euret tings. This bottle, in turn, is 
loimected with the suction apparatus, which can be either the simple 
uatei pump or tiie electric motor suction so generally used in operat- 
»>K rooms. 


s ' u ‘tion is really a valuable adjuvant to the curettage, for loose 
hi i tides 0 t perhaps scanty eurettiugs arc thus not lost in the uterine 
■>'it\, being drawn into the bottle, or at least into the tubing. From 
o alter they will readily pass into the lml tie, if, at the completion of 
le curettage but with the suction still on, the end of the curette is 
' ” . fow «»«» sterile saline solution. This solution is 

! “ r Ulls Purpose than formalin, which may cake the particles 


THE DIAGNOSTIC AND THERAPEUTIC APPLICATIONS OP 
THE UTERINE SUCTION CURETTE 


Emil Novak, M.D. 

Baltimore, Md. 

(From the Gynecological Department, John.? Doplin.? Vertical School) 


O'NE 0f the mos ! frequently useful of nil gynecologic instruments, in 
W my opinion, is the uterine suction curette. I do not believe its 
possibilities are fully appreciated by the general profession The old 
days of promiscuous curettage for all sorts of indications, including 
such conditions as amenorrhea, sterility, and leucorrhea, are about over, 
and there is now a sharp restriction in the indications for this not al- 
ways simple and safe little operation. Yet there are still a very large 
number of cases in which the procedure is clearly advisable. In the 
diagnosis of the cause of uterine bleeding, for example, the curette, 
together with the microscope, yields information which can be obtained 
in no other way, and which may actually be of life and death value to 
the patient. 

In these days of intense interest in gynecologic endocrine disorders, 
moreover, a great new field has been opened in which a knowledge of 
endometrial histology is of the greatest clinical value. It should be 
remembered that the endometrium is under the physiologic subservience 
of the ovarian hormones, and, beyond them, of the dominating gonado- 
tropic hormones of the anterior hypophyseal lobe. This is not the place 
to review the effects of these hormones upon the uterine mucous mem- 
brane, but they are quite distinctive, and. to a large extent at any rate, 
associated with characteristic histologic changes. The endometrium is 
therefore a very reliable mirror of these endocrine activities, and 1 be- 
lieve it is possible, in the present state of blood and urine hormone 
studies, to obtain more information as to the nature of gynecologic 
endocrine disorders from histologic study ot the endometrium than from 
studies of the hormone content of the blood and urine. 


In many of these cases, complete curettage is unnecessary and unde- 
sirable, especially where the histologic study must be repeated at rather 
frequent intervals, to determine the occurrence or nonoccurrcncc of 
cvdical histologic changes. A variety ot simple ambulatory pro reduces 
have been devised for this purpose, based on on,- form or another of 
punch biopsy, aspiration, or curettage with a very small instrument. 
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considerable number of gynecologists throughout the country. The 
method is not employed in the treatment of incomplete abortion, as the 
tissue masses often present in such eases would not pass through the 
cannula. It is in this group, in which the uterine wall is so often soft 
and unresisting, that the largest incidence of perforations is noted. 
Certainly, however, suction curettage should not be persisted in if there 
is any difficulty in introducing the cannula. Were perforations to 
occur until the suction curette, it is quite possible that the resulting 
damage to the intestine or other viscera might be much more serious 
than with the ordinary curette, because of the suction element. In the 
hands of the experienced gynecologist, however, it may be fairly said 
that the procedure is, in properly selected cases, almost devoid of danger. 

What, then, are some of the indications for suction curettage, aside 
from the general considerations which have been enumerated? The 
chief ones may be enumerated as follows : 


1- To determine the nature of endocrinopathic menstrual disorders. 
In many cases of amenorrhea, for example, the study of small particles 
of endometrium taken at intervals of a week or so, first from one area 
of the uterus, then from another, may show an atrophic undeveloped 
endometrium at all examinations, indicating an absence, or a marked 
deficiency, of the ovarian hormones responsible for endometrial develop- 
ment. In other cases of this disorder, one may find evidence of a defi- 
nite histologic cycle quite similar to that seen in the normally men- 
struating woman, except for the absence of a bleeding phase. In ab- 
normal bleeding with entirely normal pelvic organs, a very common 
finding is that of hyperplasia of the endometrium, which at once estab- 
lishes the functional nature of the bleeding, with hyperestrinism as the 
underlying factor. On the other hand, hyperplasia may be found in 
cases of amenorrhea of even many months’ duration, for, as is well 
known, amenorrhea may be due to persisting hyperestrinism (“polv- 
lormonal amenorrhea”), with only occasional bleeding at long inter- 
'■ds because no drops in the estrin level occur. 


In general, if an endometrium is well developed, it may be assumed 
1 'at it is receiving an adequate supply of its selective growth hormone, 
'ytun, ami that the follicle-ripening gonadotropic hormone of the ante- 
1101 ]°' K; ' s also functioning normally. In the same way, if the endo- 
metrium shows definite secretory activity, there can be no question that 
1 is being supplied with the corpus luteum hormone, progesterone, for 
oil ° ,!irr * ,ormone cau produce this effect. For that matter, there is no 
0 >ei way, by blood or urine studies or otherwise, of determining this 
l'miit. A progesterone effect in t he endometrium presupposes a fune- 
mning luteinizing hormone of (lie anterior lobe. 

°. l t ! l cUnnin ‘ !lu ocrnrnnrc or nonorrnrrnu -r of orulotiou in core. 

»/ This, ns „ HlaitiT of fan,. ,vas 11, o 
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against the sides of the tube. In order to ensure good sections, the 
tissue should at once be transferred from the saline solution to the 
fixing fluid, usually formalin. 

There are of course a minority of patients in whom curettage by this 
technic is not possible, at least without light anesthesia. Among these 
are the extremely nervous and apprehensive type, or those with very 
tiny cervical canals, or those with small, deep vaginal canals and inac- 
cessible cervices. In multiparous women, the procedure is almost always 
easily possible. For that matter, where curettage is done in connec- 
tion with other operative procedures requiring anesthesia, I have come 
to use the suction curette almost as a routine, for there is rarely any 
therapeutic need for dilatation, and the curettage can be just as thor- 
oughly done by the suction curette as by the ordinary curette, which 
calls for preliminary dilatation. If one doubts the thoroughness of the 
curettage by this method, one can be readily convinced by following the 
suction curette by any of the ordinary uterine curettes. Usually no 
additional tissue is obtainable. 

Suction curettage by the above-described teclmie is commonly accom- 
panied by very little pain, though the occasional patient may complain 
considerably. The whole operation, however, rarely requires more than 
a minute or two, so that there are few patients who would not prefer 
this brief discomfort to the alternative of even light gas anesthesia and 
usually hospitalization. When possible, and this is usually the case, 
traction on the cervix with a tenaculum should be avoided, as this will 
cause pain through transmitted traction on the sensitive visceral peri- 


toneum. 

Following the operation, patients are allowed to rest for a short time, 
though practically all of them within a half-hour feel quite fit, so that 
they are taken home from the hospital or office in an automobile, with 
instructions to rest in bod for a day or two. I know of no theoretical 
risk in such a plan, and certainly there have been no unpleasant sequelae 
in any of the rather large series of patients whom I have treated in this 
semiambulatory way. To urge the plan as the routine form of diag- 
nostic curettage would be absurd, for there arc still many patients who, 
through their own preference or because of some reason in the sur- 
’s mind, should be curetted in the traditional and more deliberate 
fashion. But even a day or two in the hospital, plus operating room 
* d anesthetic fees, constitute a not unimportant economic item to some 
an . ' . 0 f whom will be grateful if the desired information is 

KS by simpler .end less expensive means. 

° dangers of suction curettage are those of curettage in general. 

" ie ° or the use of force in introducing this instrument, like the 
Care essi cm . ett0f might result in perforation of t he uterus. So 

ordinary ^ t j 1 j s accident has not occurred with the suction curette, 

f ar as , ’ w n used extensively in a number of clinics and by a 

though u nas ^ 
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considerable number of gynecologists throughout the country. The 
method is not employed in the treatment of incomplete abortion, as the 
tissue masses often present in such eases would not pass through the 
cannula. It is in this group, in which the uterine wall is so often soft 
and unresisting, that the largest incidence of perforations is noted. 
Certainly, however, suction curettage should not be persisted in if there 
is any difficulty in introducing the cannula. Were perforations to 
occur with the suction curette, it is quite possible that the resulting 
damage to the intestine or other viscera might be much more serious 
than with the ordinary curette, because of the suction element. In the 
hands of the experienced gynecologist, however, it may be fairly said 
that the procedure is, in properly selected cases, almost devoid of danger. 

What, then, are some of the indications for suction curettage, aside 
from the general considerations which have been enumerated? The 
chief ones may be enumerated as follows : 

1. To determine the nature of endocrinopathic menstrual disorders. 
In many cases of amenorrhea, for example, the study of small particles 
of endometrium taken at intervals of a week or so, first from one area 
of the uterus, then from another, may show an atrophic undeveloped 
endometrium at all examinations, indicating an absence, or a marked 
deficiency, of the ovarian hormones responsible for endometrial develop- 
ment. In other cases of this disorder, one may find evidence of a defi- 
nite histologic cycle quite similar to that seen in the normally men- 
struating woman, except for the absence of a bleeding phase. In ab- 
normal bleeding with entirely normal pelvic organs, a very common 
finding is that of hyperplasia of the endometrium, which at once estab- 
lishes the functional nature of the bleeding, with hyperestrinism as the 
underlying factor. On the other hand, hyperplasia may be found in 
cases of amenorrhea of even many months’ duration, for, as is well 
known, amenorrhea may be due to persisting hyperestrinism (“poly- 
hormonal amenorrhea”), with only occasional bleeding at long inter- 
nals because no drops in the estrin level occur. 


In general, if an endometrium is well developed, it may be assumed 
that it is receiving an adequate supply of its selective growth hormone, 
cstrm, and that the follicle-ripening gonadotropic hormone of the ante- 
1101 J 0 h° is also functioning normally. In the same way, if the endo- 
metrium shows definite secretory activity, there can be no question that 
d is being supplied with the corpus luteurn hormone, progesterone, for 
110 °ther hormone can produce this effect. For that matter, there is no 
0 ! or wa J r > h. v blood or urine studies or otherwise, of determining tin's 
Point. A progesterone effect in the endometrium presupposes a func- 
tioning luteinizing hormone of the anterior lobe. 

of / ° ( ! ctcrm ™ c thc occurrence or nonoccurrcncc of ovulation in cases 
3 S • This, as a matter of fact, was the primary purpose for 
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against the sides of the tube. In order to ensure good sections, the 
tissue should at once be transferred from the saline solution to the 
fixing fluid, usually formalin. 

There are of course a minority of patients in whom curettage by this 
technic is not possible, at least without light anesthesia. Among these 
are the extremely nervous and apprehensive type, or those with very 
tiny cervical canals, or those with small, deep vaginal canals and inac- 
cessible cervices. In multiparous women, the procedure is almost always 
easily possible. For that matter, where curettage is done in connec- 
tion with other operative procedures requiring anesthesia, I have come 
to use the suction curette almost as a routine, for there is rarely any 
therapeutic need for dilatation, and the curettage can be just as thor- 
oughly done by the suction curette as by the ordinary curette, which 
calls for preliminary dilatation. If one doubts the thoroughness of the 
curettage by this method, one can be readily convinced by following the 
suction curette by any of the ordinary uterine curettes. Usually no 
additional tissue is obtainable. 

Suction curettage by the above-described technic is commonly accom- 
panied by very little pain, though the occasional patient may complain 
considerably. The whole operation, however, rarely requires more than 
a minute or two, so that there are few patients who would not prefer 
this brief discomfort to the alternative of even light gas anesthesia and 
usually hospitalization. When possible, and this is usually the case, 
traction on the cervix with a tenaculum should be avoided, as this will 
cause pain through transmitted traction on the sensitive visceral peri- 


toneum. 

Following the operation, patients are allowed to rest for a short time, 
though practically all of them within a half-hour feel quite fit, so that 
they 'are taken home from the hospital or office in an automobile, with 
instructions to rest in bed for a day or two. I lenow of no theoretical 
•isk in such a plan, and certainly there have been no unpleasant sequelae 
0 £ t ] ic ra ther large series of patients whom I have treated in this 
semiambulatory way. To urge the plan as the routine form of diag- 
. ‘ would be absurd, for there are still many patients who, 

, tlie ; v own preference or because of some reason m the sur- 
throiigi^^ s ] 10l] ld be curetted in the traditional and more deliberate 
geon s m ^ ^ ^ day or two in the hospital, plus operating room 
fashion. constitute a not unimportant economic item to some 

and anes ie ^ 'whom will he grateful if the desired information is 
P . a . tiC "5 C simpler and less expensive means. 

obtained . suc t,ion curettage are those of curettage in general. 

The dangers ^ ^ j orcn ; n introducing this instrument, like the 
Carelessness 01 j^bt result in perforation of the uterus. So 

ordinary uterine ^ jj cu j ] i;i s not occurred with the suction curette, 
far as I know, t us < tcns j vc i v in a number of clinics and by a 
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ieal measures. In at least some eases, this can be done by the suction 
curette, thus avoiding the necessity of repeated hospitalization. In 
cases of functional bleeding, a readjustment of endocrine balance 
occurs after a stormy bleeding career of varying length, and the repe- 
tition of suction curettage, with the temporary cessation of bleeding 
which it practically always brings about, will help the gynecologist to 
tide patients over this period of endocrine upset until the hoped-for re- 
adjustment occurs. 

CONCLUSIONS 

The suction curette is of frequent value in the study of both func- 
tional and anatomic gynecologic conditions. It is usually possible, and 
often a real advantage, to employ it without anesthesia and without 
hospitalization. This method of curettage is not feasible or advisable in 
all cases, and the traditional operation of “D & C ’ ! is still preferable, 
or necessary, in a considerable group. But the field of usefulness of the 
instrument is a rather wide one, and one which many gynecologists 
have overlooked. 
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which the suction curette I have described was devised. It is now well 
established that, in a small proportion of women, essentially normal 
menstruation may occur without ovulation. Cases of this anovulatory 
type are most frequent in the early and in the late years of menstrual 
life, though they are also at times encountered at. other age periods. 
The practical importance of this observation, as I have emphasized in 
various papers, is in relation to certain cases of sterility which are not 
explainable by any other discoverable cause. 

To determine this point, endometrial tissue is obtained, usually by 
complete suction curettage; just before the expected date of menstrua- 
tion, when the endometrium normally presents the striking secretory 
changes produced under the influence of the corpus luteum hormone. 
If,, instead of such a picture, the mucosa shows a clearly nonsecretory 
appearance — and this may he cheeked up by differential glycogen 
staining — it may he assumed that no progesterone is being produced, 
i.e., that there is no corpus luteum in the. ovary and that the woman has 
not ovulated, at. least, during that particular cycle. If ovulation does 
not occur, pregnancy is obviously impossible. Such “ovulation” tests, 
therefore, performed usually by the suction curette, have become a 
part of the search for the causes of sterility, especially when other 
studies, such as basal metabolism determination, tubal insufflation, ex- 
amination of the husband, etc., have thrown no light, on the problem. 


3. Diagnosis of pathologic lesions. This is particularly important, in 
the differentiation of causes of uterine bleeding. I have already spoken 
of the frequency with which, in eases of intrauterine bleeding in women 
until normal pelvic organs, the endometrium yields the typical h.vpcr- 


plasia which establishes the endoerinopathic nature of the bleeding. On 
the other hand, much more serious lesions may be revealed. In two of 
our cases, unsuspected tuberculosis of the endometrium was disclosed, 
subsequent operations confirming the presence of the disease, not only 
in the uterus, but also in the tubes. Again, in a number of cases of 
postmenopausal bleeding, suction curettage has shown definite adeno- 
nrcinoma. In suitable cases of postmenopausal bleeding, a plan which 
T* 1 often follow is to do a preliminary suction curettage without aims. 

' followed by microscopic examination of frozen sections if the 
^ sufficiently abundant or suspicious, proceeding at once with 
rtTradieal operation if adenocarcinoma is revealed. 

. nrrllx{m wl therapeutic mine. As with ordinary curettage, tone 
i.„ /*nred bv suction curettage. On the other hand, 
tional blcec uv^ functional bleeding occurs after a variable 

in the nuU 01 • voting women, where radiotherapy is undesirable, 
length of ,imP ' j f. ( , ( |U(.nt profuse bleeding often constitutes a trying 
such rceiiricnt am ^ f n .,|uently the ease, organotherapy is found 
problem, espeem > m;jnv ((1 - t | irS( , eases, a repetition of the enret- 

to he imsuecesslu • ^ preferable to radiotherapy or other rad- 

tagc at intervals otten 
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The large defect of the scalp was then immediately covered by cut- 
ting long and wide Thiersch skin grafts from the thigh. It was pos- 
sible to cover this large defect with only three pieces of Thiersch 



l ie. 1. — Showing- massive congenital tlbromatosed pigmented mole of scalp. 


Mnfts. The edges of the graft were not completely brought up to the 
margin of the scalp but only close to the margin of the scalp, leaving 
an interval of about one-eighth inch. This interval is important, as 
h allows the scalp to grow down to the Thiersch graft, rather than the 


MASSIVE CONGENITAL FIBROMATOSED PIGMENTED 
MOLE OF SCALP* 

Herbert Wiley Meyer, M.D., New York City 


I T IS surprising how frequently physicians allow patients to go for 
years with lesions which are not only cumbersome to the patient, 
but also quite distressing for themselves and others to see. Still such 
is the case, and we occasionally have the opportunity of seeing inter- 
esting lesions which present some interesting problems in their treatment. 


In August, 1927, I had the opportunity of seeing a young man, 
twenty-two years of age, who had a large tumor on the scalp which 
he had had all his life (Fig. 1). It had slowly increased in size and 
thickness, and he had consulted many physicians and surgeons in 
various cities and clinics. Radium was used by one without any effect 
whatsoever. Other surgeons had taken x-rays of the scalp and ad- 
vised against operation, stating that they thought surgical removal 
would be impossible and dangerous. This deformity, which necessi- 
tated the continuous wearing of a cap while at work to cover the ugly 
orowtli, was a constant source of unhappiness to him through college 
and a tremendous handicap to his professional advancement in 


journalism. 

Upon examination it was found that there was a hard, firm growth 
of the scalp, extending from the right forehead backward to the oc- 


ciput and from the midline down to the ear and the mastoid region. 
Its surface was convoluted, and here and there were some hairs growing 
from its surface. It was not a compressible growth, and it seemed to 
move with the scalp and not to be connected with the underlying 
pericranium. We, therefore, urgently advised the young man to linve 
ipeion removed by surgical excision. He was operated upon at 
the Lenox Hill Hospital in October, 1927. 

The operation was performed under colonic ether oil anesthesia. The 
• • ’ was made through the scalp, allowing about one-fourth inch 

incision < - ^ c(1 „ c of ti lc tumor, after the circumference of the 

margin injected with 1:10,000 adrenalin solution for better 

tumor in inc j s j m i was carried down to the pericranium, and a 

hemostasis. ' was entered between the lesion and the scalp, per- 
plane ot cl < removal of the entire growth with very little 

o'*- 2 

1 crMcal F-rtlon of the XV*- Tori: Aca.K-niy of W«',l!cln<\ 
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Tlie large defect of the scalp was then immediately covered by cut- 
ting long and wide Thiersch skin grafts from the thigh. It was pos- 
sible to cover this large defect with only tln-ee pieces of Thiersch 



F'f?. 1. — Showing massive congenital fibromatosed pigmented mole of scalp. 


giafts. The edges of the graft were not completely brought up to the 
niaigni of the scalp but only close to tlie margin of tlie scalp, leaving 
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Thiersch graft to heal up to the edge of the scalp. If the epithelium 
of the scalp grows down to the Thiersch graft, a flat, smooth wound 




edge is obtained, w 
immediate henhu 


,-iiile a graft placed up to the edge of the scalp gives 
Put there will he a sharp, raised margin to the 
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wound. The raw surface between the Thiersch graft and the scalp 
was covered with a strip of iodoform gauze, well washed out and dried 
between gauze compresses to rid it of the excess moisture. The 
Thiersch grafts over these large areas were covered with plain sterile 
gauze and no silver foil. (We have given up the use of the silver 
foil over the grafts, as it does not seem necessary and occasionally 
gives an ugly dark silver stain to the graft.) The most important 
part of the dressing of the graft is the application of sterile adhesive 
strips which must be placed in every direction to counteract any stress 
or pull and to prevent any displacement whatsoever of the graft. The 
whole surface of the dressing must be covered with interlocking strips 
of adhesive. Following this, a compression dressing is applied. 

The area on the thigh from which the Thiersch graft was taken was 
covered with twelve to fourteen layers of silver foil covered by gauze 
and adhesive strapping. This dressing of the thigh must be left in 
place for two weeks when it may be removed and the area usually is 
completely healed. 

The patient made an uneventful recovery. On the sixth day the 
first dressing was done, and it was found that the Thiersch graft had 
taken successfully. A small strip of gauze with one per cent fuehsin 
ointment was then placed along the edge, and it took about two weeks 
for the scalp to grow down to the edge of the graft (Figs. 4 and 5). 
As soon as the grafts had completely healed, he began to wear a partial 
wig fastened on to the scalp with the typical wig adhesive. From a 
distance it is not easy to see that the patient is wearing a wig over 
half of his head. He returned to his work a healthier and certainly 
a happier man. It is now nine years since the operation, and there 
has been no recurrence (Figs. 6 and 7). 


fhe pathologic examination of the specimen showed that it was a 
congenital fibromatosed pigmented nevus of the scalp. It measured 
20 by 15 by 8 cm. The skin over most of the growth was thin and 
loose, hut the deeper structures were very hard. The edges of the 
tumor faded off into normal scalp tissue. On cutting through the 
giowtli, a gritty sensation was experienced, and the cut surface re- 
scaled a dense, white, fibrous tissue with areas of calcification. 


- lieroseopieally, examination showed skin and subcutaneous tissue 
1° vhieh was attached a small amount of voluntary muscle. The 
^minec of the skin was convoluted, and the epidermis appeared to he 
mtuct, though varying in thickness in different parts, being thinned 
out in places, and hypertrophic in other places. The dermis and sub- 
cutaneous tissue showed marked overgrowth of fibrous tissue which 
largely replaced the fat of tiie latter tissue. The fibrous tissue 
u.is f w the most part very dense and composed of compact bundles 
° 1 Ml ' s a, ’d relatively few small compressed spindle cells. Tin's tis- 
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William M. Millar, M.B. 

Cincinnati, Ohio 

(From the Department of Surgery of the College of Medicine of the University of 
Cincinnati, and the Cincinnati General Hospital) 

“La Metlrie . . . cet fut tin philosoplie, sans cesser d’etre un medicin.” 

— De Vizeaux. 

THE number of medical men who may be counted in the world’s 
* group of creative philosophers has been relatively small. It is not 
that the average physician does not philosophize, for the very nature 
of his calling continually compels him to build up a ready-made meta- 
physics, a protective “defense mechanism,” as it were, which will 
enable him to believe or disbelieve in his own medicines and in their 
respective values. One would think that doctors would attempt to 
go further and seek a correlation between life and death, the two 
commodities with which they constantly deal. But this has not been 
the case. Undoubtedly many have tided to do so, but, for one reason 
or another, have wandered off into literature, politics, and art. A 
limited few, however, have succeeded in remaining faithful to their 
profession and, in addition to becoming outstanding investigators in 
anatomy and physiology, have sought to combine in some fashion 
or another the spiritual and physical components of man. Maimonides, 
Bacon, and Avicenna were three suck individuals of the Middle Ages ; 
Wiliam James is one of our own times. A study of the philosophers 
of tlie eighteenth century will reveal two of this group who stood out 
as pioneers, the English chirurgeon, John Locke, and Julien de la 
Mettrie, the Father of Materialism. 

The Frenchman, a weird mingling of many emotions and ideas, an 
individual who was “no small cypher in the ranks of the Asclepiadae,” 
attempted single-handed to change the prevalent religious and phil- 
osophical ideas of his age. The Breton was brave enough to express 
os ideas forcefully, and, it must be admitted, quite tactlessly, and 
so°u aroused the jealously of his professional confreres and the wrath 
0 those in high places. The results of his hopeless struggle were what 
might be expected, and, indeed, the terse epigram of Epicurus, “It 
"as to philosophy that I owe my worldly ruin and my soul's pros- 
Peuty, ’ had no better example than La Mettrie’s life. 

Men have been affected to a greater or less degree, one way or an- 
< L m ’> k.v their parents’ wishes and station in life, by their early 

Hw.'lvi-a for publication. October 26, 193C. 
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sue showed continuous hyaline degeneration. Embedded in the deeper 
parts was an island of compact hone. Scattered through the tissue and 
most abundant in the outer part were nests, vertical strands, and 
irregular masses of atrophic nevus cells, a few of which contained 
yellowish brown and blackish pigmented granules. Most of the hair 
follicles and sebaceous glands had disappeared, and the persistent 
ones showed varying degrees of atrophy. There was no evidence of 
malignancy. 

CONCLUSION 

This was a congenital benign tumor of the scalp in a young man, 
twenty-two years of age, who had sought relief of this deformity 
for many years. There is no question but that an earlier operation 
perfoi’med along the same lines as the one reported would have re- 
lieved this patient of a great deal of mental worry and unhappiness. 
It behooves surgeons to urge early operation for such lesions. 
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La Mettrie, doubtless on tbe advice of bis friend, went off to tbe medical 
school at Reims,* which was one of the best in the century. Here in 
1728, the ex-theological student obtained his “bonnet de doeteur.” He 
was now nineteen years of age, still too young to practice, and, as was 
the fashion of his day, the young doctor proceeded to Leyden, the 
University of the great Boerhaave, then the leading medical man of 
the world. Indeed, his fame was so great that letters addressed 
“Boerhaave, Europe" would always reach him. The Dutchman was 



£• Selle,5culp. H Somers 

JULIEN Off RAYde la, MfTTKJE 

1 ip. 1. Reproduction of likeness of La Mettrie, taken from Qudpat’s work by Helene 

Somers Millar. 


*111 authority on many things and, curiously enough, among his many 
accomplishments, prided himself on being a critic of Spinoza and 
ones.! And so while the great educator poured chemistry, botany, 
and p ractical medicine" into students who attended his lectures, he 


Hip 1 most* U'yP that several American Colonials attended the Univerdtv 

America. 1 ramous " as John Jones, author of the first surfrlca! manual written in 


tBoerhaave had nc 

HohL X!cnUs n Corp 
Hobbes. Rnd Spinoza* 


y received his doctorate for his dissertation “Dp Distint*- 
In which he openly opposed the doctrines of KpicuruiC 
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religious training, and by tlie age and generation of the world into 
which they were born. All of these factors had a great influence in 
the life of the doctor-philosopher. 

The famous materialist was born in St. Malo, a town later to give 
Chateaubriand to the world, on Christmas Day, 1709, six scant years 
before the death of Louis XIV. His family lias been described as 
‘'noble but poor and impoverished,” and for financial reasons they 
had been compelled to enter trade. In the days of the Golden Em- 
peror, sueli a move was practically tantamount to social suicide and 
undoubtedly the La Mettries received many sneers and slights from 
their more fortunate aristocratic brethren. Such conditions would 
tend to develop much ready-made materialism. 

The time came shortly to consider the matter of a formal education. 
Already the young lad was a facile talker, and hopes were entertained 
by his parents that their son would enter the church. A malicious 
historian has said that Julien’s verbiage was the principal reason for 
their pious wish. To this end, the growing boy was sent first to the 
school of Coutances, where he soon won prizes in rhetoric. Thence he 
proceeded to Plessis in Paris to study logic, and it was here that the 
youth came under the magnetic spell of one of the professors, Cordier, 
a nationally known Jansenist. A few words in passing may be neces- 
sary to explain the ideas and tenets of this intense, fanatical, religious 
sect. Briefly stated, this group brought the principles of St. Augustine 
up to the eighteenth century. They stated that a belief in the help- 
lessness of man and his utter dependence on his Maker were ever 
necessary. They argued that no amount of church going and cere- 
monial could save man, and the group rejected justification by faith 
as impossible and declared that while conversion might be instantane- 
ous it was only the beginning of a long and gradual process. Never- 
theless their religious leaders held that a personal relationship of the 
human soul to God existed and that mediation could only be gotten 
through the Roman Catholic Church. 

The° pliable mind of the serious lad, influenced by this strong, 
forceful teacher, was much impressed by such reasoning. 

_ _ pi es sis the young student went to Ilarcourt for a course of 
tf i?10U1 philosophy.” It was about this time that La Mettric began 
“natuia^k ffom hig ideas 0 f becoming a priest, and as Frederick the 
t0 tU + n ] a s so aptly stated, ‘‘On persuade le perc, on 1 ’assure que les 
Great ia i * m ^iocre rapparteraient plus que les absolutions 

remedes d un meuw* 

d’un bonne P^ re ^ e priest i 100 d, the Breton turned to medicine. 

And so 10 undoubtedly influenced by Ilunauld, the village 
In this step ' e v let trie greatly admired and respected. Spc- 

physician, vd‘° m ^ c onc would get by attending the daily 

cific training, 111 ct j ce was thought advisable. Consequently, 

,.r»vnids of a small town I 
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soon to find formal expression in iiis books. Not that he had not been 
engaged in practical research before this, for it would seem from all 
accounts that he was anything but an armchair researcher! Several 
anecdotes have been told about his investigations. Once, indeed, the 
grooms of his regiment assaulted their medical officer and beat him 
severely. In fact, they almost killed the Breton before he was rescued, 
so much did these servants resent his guinea pig technic on their as- 
sociates and on themselves. Still the medical officer’s work for his 
superiors was satisfactory, for, even if his inferiors hated and feared 
him, lie* was in due time promoted and given the responsible position 
as chief to several base hospitals which were located in Flanders and 
the Low Countries. 

La Mettrie was one of those individuals who needs must write, but 
with his pen he almost always seemed to succeed in creating trouble 
for himself. One of the first of the young author’s works, written in 
St. Malo, was his Observations de Medicine pratique, which was fol- 
lowed in 1735 by a translation of Boerhaave’s L’Aphrodisiacus, to which 
he added a few comments and observations of his own on the nature of 


venereal diseases. A year later, Astruc, of Paris, published his De 
Morins Venereis , in which he spoke appreciatively of the work of the 
young medical man, but also called attention to several errors of trans- 
lation that had been made. In 1737, the Breton’s Trait e du Vertige ap- 
peared, and, in 1739, his Nouveait Traite des Maladies Veneriennes ap- 


peared. Astruc still took occasion to “sharpshoot” and criticize the 
"uorks of his rival. Rapidly numerous lampoons and satirical papers 
appeared throughout France which were insultingly frank and which 
seared with the branding iron of caricature. Many of these were pur- 
ported to come from La Mettrie, and some of them doubtless did. In 
1 >em the entire Parisian medical profession was ridiculed to high heav- 
ens. Almost no one was spared, least of all Astruc. 

'Ibis war of pen and pamphlets was stopped perforce for a period 
1011 ^ ie Guards moved off to war. But once the Frenchman was 
£ to barrack life, his urge to write seized him again. It was soon 
a lei his appointment as Medical Chief of half a dozen hospitals that 
army officer really drew fire from almost everyone. This time not 
> were the medicos opposed to him for the very obvious insults 
j\eled at Ibem, but in a very short time the Roman Catholic Church, 
>e several Protestant faiths, and the French Throne rose against this 
y wnt u "thor. The reason — principally — his Natural History of the 
isr^ Was short, y followed by other books of even more material- 

IS le ai|< * apparently more atheistic persuasion. At any rate, all of them 
“loused tremendous bitterness and feeling against, their creator. 

^ 1 iio.se volumes were immediately condemned; first, by the arnry eliap- 
y iS ’ aml i!ien by the high church authorities in the Index Expurga- 
° ncx ' I,ulc h pressure was brought, to bear on La Mettrie that he 
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undoubtedly found time to explain the subtleties of pantheism and 
materialism as expounded in “The Ethics,” “De Corpore,” and 
"Leviathan” to a few of bis favorite disciples. 

But there comes a time when theory must give place to actuality, 
especially when a young man must think of food, and when one’s par- 
ents become fatigued and wearied of providing tuition and "running 
expenses” for peripatetic collegians. Back to St. Malo came the 
twenty-four-year-old physician full of ideas, with one of the best theo- 
retical professional educations possible for his time, to plunge into the 
sorrows and griefs of a general practice. But the ex-student’s mind 
lingered with the academic, and he bad no desire to lapse into mar- 
moreal dullness. He found time to translate Boerhaave and, with the 
bland egotism of youth, even to compose a brochure on practical medi- 
cine. Hunaukl died shortly after his assistant returned. Instead of 
settling down and building up a safe and lucrative practice, as any 
unimaginative man would have been glad to do, the ambitious La 
Mettrie suddenly, after three years in the tiny village, gave up his 
place and set off for Paris. In this city, the country doctor appar- 
ently had enough influence to secure a commission as medical officer 
with the French Guards, chiefly, it would seem, through the benevo- 
lence of Morand, the surgeon to the Invalides, and the Due de Gram- 


mont. Host nonmedical historians have called La Mettrie a military 
surgeon. This he apparently was not, in the strictest sense of the 
word for, as Bonnette has pointed out, the few regiments of the time 
who possessed medical assistants had no less than three varieties, doc- 
tors or medical officers, cliirurgcons, and apothecaries, and these all 
had sharply defined duties and professed great contempt for anyone 
who was not of their own narrow professional sphere. 


La Mettrie was in the prime of his life when the Silesian Wars be- 
tween Maria Theresa and France began, and his regiment was moved 
to the East. The Army soon saw active service. As a medical officer, 
he participated in the battle of Fontcnoy under Marshall Saxo.* In 
this fin-lit, one of the outstanding points of the combat, was the charge 
f the°Guards Brigade against the Gardes Frangais. Whether or not, 
° the story goes, the polite Frenchmen really asked the opposite side 
aS f lC first may well be disputed. The casualties of this bloody cu- 
t0 U + e • were tremendous. Fifty officers and 7G0 men of the first regi- 
C0UU C1 u an( ] the losses of the other troops were equally severe, 
ment « wag La yi e t trie’s Colonel and benefactor, Grammont. 

Am011 f sepn nga in in Dettingen, and the Mediein was also pres- 

Action v ‘ 0 f Freiburg, where the young officer was stricken with 
ent at the siege ]ijg C01iva lesccnee, the sick man began to think 

a severe feiei- ,7, i their causal relations — ideas which were 

about the soul, about me 

utiftVHnir from :i <lrnnn\* t*f» flavor*' (lint |j«* 


. . ,| >at time was jmflVrinff f«»m u dropsy *o *<>v. 

connn "' l “ n wi,w " chB,r! 
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La Mettrie picked up mechanism, as Durant writes, “Where the fright- 
ened Descartes like a boy who has burned his fingers had dropped it, 
and announced boldly that all the world not excepting man was a 
machine. ” 


P. A. Lange declares that La Mettrie was one of the most abused 
and least read men in the history of literature and called him the 
“scapegoat of French materialism in the 18th Century.” As Frederick 
the Great has said, the priests insisted on finding “seeds of heresy in 
a work-dealing with physics.” 


Given the hypothesis that the so-called higher activities, that is, the 
soul, the memory, the passions, and feeling, are of mechanical and 
materialistic origin, then man becomes a machine and “self love is a 
virtue, crime a disease.” The soul is merely the thinking part of the 
body, and, at death, it, too, passes away. The soul may therefore be- 
come diseased. For examples of this, we have the case of the paralytic 
who asks if his leg is still in bed with him, of the soldier who thinks 
that he still has his amputated arm. Mental twists are described; 
people who believe that they are werewolves, cocks, vampires, “and 
the man who maintains that his nose is of glass and who has a con- 
tinuous compulsion to sleep on hay in order that his proboscis may 
not be smashed.” Other changes follow circulation if it be too fast, 
and one should remember that a good meal and drink have well- 
known effects on the soul. Again, raw meat, which “makes animals 
fierce” and which would have the same effect on men, is mentioned 
foi its effect on the passions. This is so true that “English who eat 
meat red and bloody and not as well done as ours seem to share more 
01 } ess ni the savageiy due to this kind of food and to other causes 
which can be rendered ineffective by education only ...” 


dhe transition from animals to men is not violent, as true philoso- 
phers will admit. If those who are born deaf can be taught, why can- 
not the ape? La Mettrie goes further. He favors frank atheism, for 
the Frenchman believes that the existence of God has been unproved 
•ind is practically nonimportaut for our existence. Argument from 
i esign. becomes ineffective against the hypothesis of mechanical 
easuahty. “Man is so complicated a machine that it is impossible to 

get a clear idea of the machine befoi'ehand and hence impossible to 
define it.” 


After an examination of life the philosopher is perforce limited to 

ie one thing about which it is possible to know, that is, the human 
iiody. 

ihc physiology of the eighteenth century was .sketch}*, to say the 
east. Briefly speaking, the circulation of the blood was known, but 
spuation was ignored, and the functions of the nervous system were 
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was forced to resign from the Army and flee to Leyden. Even here he 
was not safe. Again at night, on foot, and in secrecy, the hunted 
author was obliged to leave this city. The brilliant, caustic man was 
at the end of his resources until his compatriot Maupertuis took occa- 
sion to speak to Frederick the Great about him, and the soldier- 
philosopher was formally invited to come to Berlin. This the outcast 
was happy to do and, in 1748, was personally received by the cordial 
King who immediately made him a reader and pensioned him with 
enough money for his immediate needs. Once more there was dime to 
write, and directly there appeared the Memoirc sur la Dysscnterie and 
the Systeme cl’Epicure. No longer hunted from pillar to post, he had 
time for leisurely conversation and banter with the court savants, 
d’Argens, d ’Algarottis, and Voltaire among others. With the last in- 
dividual, little love was lost. Probably each one was jealous of the 
other’s supposed influence with the Emperor. 

But all was not satisfactory in Berlin. We have Voltaire’s word that 
La Mettrie had asked him to intercede with the Parisian authorities on 
his behalf. The author of Man a Machine was human enough to be 
homesick and, with a sentimentality quite unnecessary in a true mate- 
rialist, continually longed for his native land. 

Just what is the essence of his philosophical works? Today we get no 
spinal thrills at his ideas, as they are openly accepted, or at least toler- 
ated, by the majority of our generation. But they were diametrically 
opposite to the harsh, metallic minds and the generally accepted ideas 
of his day. For an illustration of the power and mentality of the 
Catholic church of that century, two cases may be cited : 


As late as 1748, a woman in France was fined 3,000 francs because 
she dared to employ a Protestant midwife. Again, in Toulouse, no one 
who was not. a member of the Catholic church could be a lawyer, physi- 
cian apothecary, printer, bookseller, or grocer. So much for the nar- 
rowness of the time, though it must be admitted that it was not unlike 
certain contemporary countries of today. It was HERESY spelled 
in capital letters to have a man “prove” to his own satisfaction, at 
least and in print where all might see and read, the fact that “nature 
was 'amoral ” as well as to state loudly, "Why should one believe in 
a m-ovident’ial nature? We have not one proof; the. greatest chance 
favors the contrary opinion.” Authors of such ideas were dangerous 
't 1 Church, and they should be immediately and completely 
f ledmul uprooted. So argued those who wore the royal crowns 
destrojed ami j ^ ^ MeUric waS f irst „ true “doctor of obser- 

aud carchnn c ‘ wj 10U „], for this trait he openly acknowledges his debt 
ration,” an , a *- ( . 0 „ r age to go on and to take up Cartesian 
to Boerlmave, ie • without qualification to the human body, 

materialism and «PP<> 
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first magnitude, and a gay devil who frankly liked his leisure, La 
Mettrie would be found every afternoon sprawled half-dressed on his 
couch, wholly at ease and always ready for any form of cultivated 
lechery that might suggest itself. An acknowledged libertine and 
rake, who though married to Louise Charlotte Dreano, by whom he 
had at least one legitimate child, he was known to have at least one 
“fille de joie” in Berlin whom Frederick the Great actually pensioned 
upon her lover ’s death. 


It was an ironical twist of fate that two of the things of which he 
was really passionately fond, the practice of medicine and his gastro- 
nomic athletics, were to be the immediate causes and reasons for his 
death. The accounts of the final illness vary somewhat in detail, but 
it would seem that La Mettrie, on a bet, gulped down an entire pheas- 
ant pastry pie, after a many course banquet at the house of MiLoi'd 
Tyrconnel, the English ambassador at Berlin. Shortly after this awe- 
inspiring feat, the King’s Reader was seized with what appeared to 
be botulism, an outcome not surprising when one reads a description 
of this "snack of pastry,” for it was made of ‘‘eagle disguised as 
pheasant, which had arrived from the North, with plenty of had lard, 
pork hash, and ginger in it. . . At any rate, the attending German 
physicians advised purges. To this the sick man violently disagreed. 
"Bloodletting was the procedure of choice here,” he gasped between 
cramps, and ordered repeated venesections. Reluctantly they complied 
with his wishes, and the Frenchman was bled no less than eight times. 

At the moment of death, an Irish priest, a Father MacMahon, chap- 
lain of the Ambassador, desired to convert La Mettrie and elbowed 
his way into the death room. The dying man would have nothing to 
do with him, but the Father persisted in sitting down and waited ex- 
pectantly by his bedside. To quote Carlyle again-. "La Mettrie in a 
twinge of agony cried out, ‘Jesus Marie 1’ ‘Ah, vons voila enfin 
i etourne a ees noms consolateurs,’ exclaimed the Irishman. To which 
La Mettrie answered, in polite language, to the effect ‘Bother you!’ 
and expired a few minutes after. ...” 


Before his death, the philosopher had requested that he be buried 
in the garden of the Ambassador’s grounds, but this wish for un- 
i all owed ground was not respected, and the bloated body was carried 
into a Catholic church. The priests had beaten him in the end! 

Frederick the Great gave the eulogy before the Berlin Academy, 
am us speech has been preserved to the present time. It is the usual 
}pe of panegyric and is, in many respects, like the annual Elk Club 
requiem given m our small American towns of today, the kind of stuff 
-1 »o ho(lv, not even the orator, bothers to take very seriously. But 

Tlmman Curly!,.* tmnxlittlon of Volt.ilro* |.-u<r to Mmltum' JVnis. 
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only touched by all physicians, if at all, in an extremely rudimentary 
fashion. It was held that “animal spirits" animate the “nerves, more 
or less fluid, more or Jess rapidly." Of the genital systems, scarcely 
anything was known save the fact that the union of the sperm with 
the egg would cause conception. La Mettrie wished to correct igno- 
rance among his professional brethren, and stressed the need for 
autopsies and skill in pathologic anatomy. The old pupil of Boer- 
haave guessed at the origin of nerves and argued that eaeh nerve 
carries “impressions" to a special region of the nerve center. “The 
brain has its muscles for thinking as the legs muscles for walking.” 
The Frenchman knew that irritation of the optic nerve gave symp- 
toms of light. Drugs were discussed with their effects on the human 
mind : opium which paralyzed wishes and stimulated the imagination, 
coffee which excited and animated conversation, and the value of 
good food and wine on a drooping spirit. The Breton worried about 
gastric fermentation and of it said, “No air, no fermentation.” The 
various effects of climate are mentioned. The idea of irritability has 
been generally credited to Haller's Elements dc physiologic (1761), 
but in L’Eommc Machine, we find that: 


“Life principle does not find in the soul the material consciousness; 
this is not in the whole but in the separate part and each fiber is 
stirred by it." Ten examples are given to prove this contention but 
space will permit but four to be mentioned here: (a) The flesh of 
animals continues to palpitate after death, e.g., tortoises and lizards, 
(b) Muscles separated from the body will contract when excited, (c) 
Injections of warm water will resuscitate the heat in the muscles, 
according to Cowper. (d) The heart of a frog will move one hour 
after separation from the body. . . . 


A hint at evolution is made by this amazing writer, but even more 
interesting is the explanation for epidemics which he said are caused 
bv “seeds” which “come from the air." The work of Leeuwenhoek 
/ cited and the boiling of water is recommended as an excellent 
means of purifying water. This was over one hundred years before 
Pasteur’s work was published. 

Personally La Mettrie was not a gentleman with a cream puff soul. 

1 e philosopher is described as “un homme vigoureaux," an individ- 
, , i„. n vs seemed to be laughing, his enemies declared sneering, 

U ■ with this ever quizzical, and often sardonic, countenance 
and 11 ? nS j ess } ie< ] on jst faced an intolerant, reproving world, 
that tins c< j 0 f life, except for a few had months when 

During the ? iea ^ ^ leave Leyden, the Frenchman had enjoyed a 
he had been c ” nl ^ t ' cx j s{enee< Doubtless a sexual virtuoso in keeping 
glorious, care i ee - j,j s dnv, undoubtedly a gourmet of the 

with the fashionable m« 
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Surgical Complications of Amebiasis 

A MEBIASIS is likely to be considered by most physicians as a eondi- 
tion wMch occl ii’S principally in tropical or subtropical localities 
and which is of little surgical interest. That the former concept is 
nicoireet is borne out by the fact that since the Chicago epidemic, which 
pio ablj onlj served to make the profession “amebic conscious, : ’ 
me iasis is being detected in many of the northern, eastern, and western 
localities of .the United States. In a series of 49,336 persons examined 
n all parts of the United States and collected by Craig, 1 5,720 (11.6 per 
cent) were found to be infected with endamebic histolytica. Craig 2 
ound m examining 189 physicians from all parts of the United States 
nlii m o ’ J * lca ’ n 12.7 per cent. Unquestionably amebiasis occurs 
q u ously. That amebiasis is of surgical importance is attested by the 
that surgical complications occur not infrequently. 

Surgical complications of amebiasis are more likely to occur in the 
timTT 6 ° yseutery tlmn in tl)e cases in wliich this clinical manifesta- 
fwt J Z C T nt , A P1 ’° bable ex P lanation for this fact is that when mani- 
bv thr, r ?f entery tbe ameblc infection is more likely to he recognized 
of tbl l „ 'T 31ld adRC ! Uate theva P>' instituted before the development 
is absent e0 " lplwatl011S; whereas in those cases in which dysentery 
Lausc t’ h ! Undel ' lying lesion of tbe bowc l * likely to be overlooked, 
P • h n ompl,catm S lesion produces the clinical manifestations. 

is amebic L7 °r ^ m ° St frequeut sur S ica l complications of amebiasis 
l“t ,Z r‘ ,S ' " hfch ma! ' “ s «" »<•”*« suppurative or a 
the lesion is lil-eh°? f V °™ SS \ In both instances, the true nature of 
possibility of i, ‘ bG 0V ° rl00ked linless the Physician considers the 

SaSfi t , :;zz ™ s 7 “ ri> - ,n ’ c “ ‘" e >»"• prf. 

ike true nature of tl r- CaTCful CXami,lation of th e feces is made, 
amebic ^ ****** of tbe 

investigation" of ciLk=T CS “ ^ * PP ? ndix is d — trated by the 
40 pe, ceff and?r n Cra5 ^ obtained 7 per cent, 

appendieitis' in fet 8 l ZLZ V’T of suppurative 
subacute and chronic* c,!asis - -Although the incidence of the 

•luccdhvthoV S r amm iS 0f thc vemi form appendix pro- 
ac «te inflammations 0 ft mobZ°' C d,fl,CUlt to dctcrmine than that of the 
generally considered ‘T 1 morC freql,cn11 - v than is 

Ike rule in the author’s Ji T f ‘ °° S lhB Conditiou oxist tbat if is 
UI 101 ' S C,mic t0 bavc a careful stool examination for 
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in a letter to Willielmina, the same mouth of his reader’s death, 
November, 1751, the Emperor writes, little expecting that it would 
ever be compared with his formal speech : 

“He (La Mettrie) was a good doctor and a very bad author; by 
avoiding to read his books one could manage to be well content with 
himself ! ’ ’ 

The author wishes to thank Helene Somers Millar for her reproduction of La 
Mettrie taken from Quepat ’s work. 
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the anteroposterior roentgenogram and obliteration of the anterior 
costophrenie angle in the lateral view. In contradistinction to these 
findings, obliteration of the lateral costophrenie angle in the anteropos- 
terior roentgenogram and the posterior costophrenie angle in the lateral 
view is indicative of snbphrenic abscess not associated with amebic sup- 
puration. 

Treatment of uncomplicated amebic hepatic suppuration consists of 
simple aspiration combined with the use of amebicides. Open drainage 
is to be condemned except in the presence of secondary infection, because 
as in an uninfected tuberculous abscess, open drainage is always followed 
by secondary infection with its disastrous results. The soundness of this 
contention is substantiated by the results obtained in a series of 4,035 
cases collected from the literature in which, following an open operation, 
there was a mortality rate of 47.2 per cent; -whereas in a series of 459 
cases in which the conservative treatment was used, the mortality rate 
was 6.9 per cent. In Ochsner and DeBakey ’s c ’ 7 series of eases, the open 
operation in 46 cases was attended with a 19.5 per cent mortality; 
whereas in 24 cases in which the conservative treatment was used, the 
mortality rate was 4.1 per cent. In eases in which secondary infection 
has already occurred as determined by culture and examination of the 
aspirated pus, open drainage is indicated and desirable. These cases are 
extremely rare, however, as secondary infection is usually the result of 
the entrance of microorganisms following open drainage. 

Another complication of amebiasis, although frequently not con- 
sidered, is pleuropulmonary involvement. In the 59 cases studied by 
Ochsner and DeBakey, 7 7 (13.5 per cent) were uncomplicated by ex- 
tension to the pleura or lung. In reported series of 2,490 hepatic ab- 
scesses, pleural complications occurred in 7.5 per cent and pulmonary 
complications in 8.3 per cent. In the series from the Charity Hospital 
and Touro Infirmary, 10.5 per cent of the hepatic abscesses were attended 
by pulmonary complications and 5.2 per cent by pleural complica- 
tions. Pleuropulmonary complications are manifest by cough and ex- 
pectoration, which were present in 95.2 per cent of Ochsner ’is eases. 
Other manifestations are fever, thoracic pain, right upper abdominal 
pain, diarrhea. The expectoration of “chocolate-sauce” pus is almost 

pathognomonic of the condition and always indicates a bronchohepatie 
fistula. 


As in amebic infections of the liver, conservative treatment in pleuro- 
pulmonary complications, particularly the pulmonary ones, is important, 
n a group of cases collected by Ochsner and DeBakey, 7 the mortality 
uitc in those eases in which amebicides alone were used was 5.4 per cent, 
n those cases in which the patient was operated upon and emetine used, 
ie mortality rate was 16.G per cent; whereas in those cases in which 
open drainage alone was used, the mortality rate was 48.2 per cent. In 
cases, however, in which an amebic abscess of the liver has ruptured into 



634 


SURGERY 


E. histolytica in all patients in whom a diagnosis of chronic appendicitis 
is made. Probably the appendiceal infection is only a part of a more 
or less generalized involvement of the intestinal tract. In approximately 
10 per cent of these eases, the parasite is found; and in most of these 
instances, antiamebic therapy is sufficient to bring about a relief of all 
symptoms and signs. 

The second most frequent surgical complication of amebiasis is hepatic 
abscess, which results from the invasion of the liver following the trans- 
portation of amebas to it through the portal vein. The relative fre- 
quency of this complication is shown in an analysis presented by Ochsner 
and DeBakey 0 - ' in 1935. During the period 1928 to 1933 inclusive, 
there were 574 patients diagnosed as having liver disease in the Charity 
Hospital in New Orleans, of which 14.6 per cent had liver abscesses and 
10.2 per cent had ’amebic abscesses. Amebic involvement of the liver 
occurred much more frequently than these figures indicate, because those 
cases with amebiasis which responded to amebicides without destruction 
of liver tissue had amebic hepatitis without suppuration. In a series of 
4,392 collected fatal eases of amebiasis, 37.9 per cent were complicated 
by hepatic suppuration; and in the Charity Hospital eases, amebic 
abscess complicated amebic dysentery in 15.2 per cent. Of 102 eases of 
liver abscess admitted to the Charity Hospital and the Touro Infirmary 
during this period of time, 73 (71.5 per cent) were amebic abscesses and 
29 (28.4 per cent) were pyogenic. The fact that amebic suppuration 
of the liver can occur without an antecedent diarrhea is demonstrated 


by the findings in the above mentioned series in which a positive history 
of previous diarrhea was obtained in only 59.6 per cent, and in which 
diarrhea was a symptom at the time of admittance to the hospital in only 
19 per cent. As mentioned above, the probable reason for the high 
incidence of amebic hepatic suppuration in the absence of diarrhea is 


that the original amebic infection of the bowel is overlooked and not 
treated, which permits the amebas to gain entrance to the liver through 
the portal system. Probably in such cases the amebic infection is limited 
to the right side of the colon, the left side being uninvolved so that 
there is absorption of the increased intestinal secretions from the 
diseased right bowel. 

Tvpically a patient with amebic hepatic suppuration complains of 

’ ' in the right upper quadrant of the abdomen, hns a moderate degree 
P f fever and almost always has an enlargement of the liver. The Inborn- 
° - mination is quite characteristic in that there is moderate letieo- 

tory exnn * j {c j m , r0!lS( > the polymorphonuclear loueo- 

Of is ,l,o s.r„ 

evtcs as is #s demonstrated bv Granger.' shows in uiieompli- 

cxamination v 1 » j nI igi n g of the diaphragm, and a pointing upward 

eated liver absces. ^ r* "Whenever there is associated involvement of 
into the lower lun? • obliteration of the cardiopbmiio angle in 
the subphrenic space, there is 
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Preoperative and Postoperative Care 

T O CARRY a patient safely through an operation with a minimum 
discomfort, with perfect healing of the wound, and with ultimate 
recovery is the hope of every surgeon. To reduce the inescapable risks 
to a farther and farther receding minimum should be his constant en- 
deavor. 

Nutritional experiments have long since revealed the remarkable 
lowering of resistance to infection and to respiratory disease following 
vitamin deficiencies. To operate upon patients from the “submerged 
half” of the population whose long-established diet has been overcooked 
stews, doughnuts, and coffee undoubtedly increases the risk of distressing 
and occasionally disastrous complications. Ideally, every patient. should 
he hospitalized one or two weeks before operation with the. avowed inten- 
tion of improving general nutrition and of restoring the depleted store 
of vitamins. Practically, this is not usually possible. Nevertheless, in 
our clinic as well as on private services, the preoperative preparation 
invariably includes a few days of high-vitamin diet, rich in uncooked 
foods and citrous fruit juices. The importance of the adrenal body in 
combating infection seems established. Moreover, the adrenal body is 
nehfer in vitamin C than any other known substance. One may infer that 
proper function of the adrenal is dependent upon an adequate, if not 
generous, intake of vitamin C. Hence citrous fruits are stressed not only 
! n the care of infection hut also in its prophylaxis. Whenever possible 
*he high-vitamin diet is amplified by the daily administration of haliver 
oil capsules and vitamin B tablets. In operations of election, the patient 
’s advised to include these items in bis diet for days and if possible for 
weeks before entering the hospital. All patients being prepared for 
fhoraeoplasty are placed upon such a regimen during the preoperative 
period of observation, study, or sanatorium care. 

In any abdominal operation likely to produce stagnation in an atonic 
bowel, a comparatively empty intestinal tract is less likely to produce 
postoperative distention from fermentation and the resulting “gas” 
P-iins. Accordingly, a nonvesidual diet is prescribed for such patients 
both before and after entering the hospital, preferably for a preopera- 
Ihc period of four to five days. Discomfort due to distention following 
operations within the abdomen, particularly upon the gallbladder, has 
Km greatly decreased by this precaution. 

Operations in the morning are necessarily performed after twelve to 
ugbicen hours of fasting. A stuffed liver is notoriously better fortified 
, . ncct ,]l ° l,nusual exigencies of anesthesia or the hepatic disturbances 
men out to cholecystitis and cholelithiasis. By inference, other opera- 
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the pleural cavity, evacuation must be obtained by aspiration. In those 
cases, however, in which there is a communication between the hepatic 
abscess and the bronchus, strict conservatism is preferable. 

Occasionally a hyperplastic form of amebiasis involves the cecum and 
is of importance, particularly in elderly individuals, because of the diffi- 
culty in differentiating it. from malignancies in this region. Ochsner 
has seen several cases in which such differentiation was impossible until 
after exploration of the lesion. In every such instance careful examina- 
tion of the stool should be made for E. histolytica and amebicidcs should 
be used before attempted extirpation of the involved segment of bowel, 
because in such instances the lesion is not limited to the hyperplastic por- 
tion of the bowel. 

That amebiasis can be complicated by pseudopolyposis of the colon 
is attested by a recent report of Anderson et ah, 9 in which following a 
prolonged amebic infection there resulted a pseudopolyposis of the entire 
colon. This patient, recovered following a two-stage extirpation of the 
colon. 

In all cases with vague gastrointestinal disturbances, irrespective of 
the locality, the possibility of amebiasis should he considered because 
frequently a needless and at times dangerous surgical procedure can 
be prevented. 
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Large doses of morphia or pantopon are avoided so as not to abolish 
the cough reflex so necessary in preventing the accumulation of mucus 
or mueopus in the trachea. To replace the large doses of morphia at 
infrequent intervals, smaller doses of one-sixth grain of morphia or 
pantopon are given regularly at three-hour intervals when indicated 
to control pain, supplemented by sodium bromide or chloral hydrate 
by rectum, or sodium luminal or amytal hypodermically to promote rest. 
The control or lessening of pain permits insistence upon coughing and 
change of position. The patient with a slight throat rattle is encouraged 
without let-up until the offending pus or mucus is expectorated. In the 
presence of an abdominal incision, such productive coughing is aided 
by the firm application of a many-tailed seultetus binder. If large 
quantities of sputum are being raised, the foot of the bed is well elevated 
to assist bronchial drainage by gravity. Operations about or in the 
mouth, such as resection of the jaw or tongue, are performed in the 
exaggerated Trendelenburg position, and this position is scrupulously 
maintained for three to four days following operation to avoid the 
aspiration of infected oral secretions or blood. Even with the patient 
so placed, change of position from side to side is insisted upon. Volun- 
tary deep breathing at half-hour intervals is likewise insisted upon 
and has largely replaced C0 2 inhalations. 

Beginning with the third or fourth postoperative day, the patient 
is encouraged to flex and extend the lower legs forcibly against a pillow 
or bolster at the end of the bed (Cullen). This encourages circulation 
and prevents venous stagnation in the extremities, in addition to keep- 
ing the muscles fit. Without such exercise in bed, the first effort to walk 
after two weeks’ recumbency is attended by unbelievable weakness and 
often temporarily disabling paresthesias. 

Citrous fruit juices and a high vitamin intake are again stressed after 
tbe first three postoperative days during the full healing period. 

One may safely predict that greater comfort, better healing, and more 
dependable, uncomplicated recovery will follow adequate nutritional 
Preparation of surgical patients. For such nutritional preparation, one 
s lould insist whenever possible upon a much longer preoperative period 
m tbe hospital than the conventional overnight stay. 

— Emile Holman, M.D. 

San Francisco, Calif. 
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tions are similarly benefited. Accordingly, a high caloric eggnog, or a 
large drink of high caloric fruit juice if the patient is on a nonresidual 
diet, is served at nine o’clock on the evening preceding the next morn- 
ing’s operation. During the period of iodine preparation of hyper- 
thyroid patients, a diet rich in carbohydrates and vitamins is prescribed, 
stressing as much candy as the patient can ingest comfortably. Large 
quantities of fruit juices and water are also administered. The high 
caloric eggnog on the evening preceding thyroidectomy is considered 
particularly desirable. 

Preceding a serious operation of any nature, such as gastric resection, 
cholecystectomy, resection of colon, splenectomy, or amputations, the 
immediate preoperative period of fasting and of water deprivation by 
mouth is rectified by an intravenous infusion of 1,000 c.c. of 10 per cent 
glucose solution . in normal saline. This is given in the two hours im- 
mediately preceding the operation.' The hyperthyroid patient is never 
operated upon without this replenishment of liver glycogen before the 
operation, as well as after the operation when indicated. The tuberculous 
patient is similarly nourished before a thoracoplasty. 

The preoperative preparation also includes an enema on the day 
preceding the operation — not the morning of operation — and an effective 
sedative in the evening preceding the operation. Preference is given to 
barbital, 10 grains, plus sodium bromide, 30 grains; or nembutal, 3 
grains; or sodium amytal or sodium luminal, 3 grains. This may be 
repeated the next morning two hours preceding the operation. 

In the period immediately following an abdominal operation, care is 
taken to avoid the ingestion of any food capable of fermentation in the 
atonic, inactive intestinal loops. Only water is given in the first twenty- 
four to forty -eight hours, followed by warm tea or hot broth in the next 
twenty-four hours. Discomfort from gas is a rarity following appen- 
dectomy or cholecystectomy, if fermentable substances such as sugars, 
fruit juices, or milk arc prohibited during the period of intestinal 
atony If the operation is upon the intestinal canal itself, a Levine 
nasal tube is introduced into the stomach to avoid gastric distention. 
Water is permitted freely in the presence of such a lube, as it relieves 
the discomfort of oral dryness and is harmlessly recovered through the 

b in the presence of pyloric spasm or temporary intestinal paresis. 

U Abdominal distention, as well as pulmonary complications, following 

A . Js f ur tl,cr avoided by insisting on a radical change of position 
opera ion, • ^ s hift in position is quite ineffective. A eom- 

everv two fr0 ^ | mP h to side, and side to back is insisted upon, 

plete 90 < egice jgp degree turn from back to abdomen is offer- 

Occasional!) a com ^ preventing distention. The formerly dreaded 
five in combating a 1(fn |f ec ground” vomit us, is no longer seen or 
gastric dilatation, "l p j innecs 0 f position. It is only the inert, 

{cared folio" -111 " f 11(1 ’ . f vvlmm this complication occurs. 

permancntlysupmepat.cn 
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velopment of reasonably priced equipment entirely free from tbis 
danger lias been wholly welcome. Furthermore, shockproof units 
have permitted the establishment of new technical procedures such as 
lateral views of the hip joint and proximal end of the femur, lateral 
and oblique views of the shoulder, angulation views of the head, 
greater facility in bedside roentgenography and fluoroscopy. 

A remarkable improvement in the quality and durability of the 
roentgen tube has taken place these past few years. The adoption 
of the line type of focus permits us to utilize a much smaller effective 
focal spot with greater loads. This, naturally, results in. a great im- 
provement of detail and diminution of distortion. While these improve- 
ments have not been startling, the development of a practicable ro- 
tating anode tube promises much more. Within the past few years 
such an equipment has become available making it possible to make 
roentgenograms with a tube of exceedingly fine focal spot (less than 
1 mm. effective) without prolonging the time of exposure or unduly 
reducing the peak voltage. Such x-ray tubes may well change our 
concepts about roentgenology of the spine, gallbladder, urinary tract, 
and other heavy parts. In the spine of heavy individuals, for example, 
distortion has been tremendous under present conditions. The rela- 
tively short tube-film distance, the relatively long object-film distance, 
together with a fairly large sized focal spot has produced vertebral 
bodies which in the roentgenogram appeared to be almost double 
their actual size. With the increase in size there is almost a corre- 
sponding decrease in detail and definition. The use of this new type 
tube arouses hopes for greatly improved technic in the diagnosis of 
pulmonary diseases as well. 

Changes in the construction of the Potter-Bucky diaphragm now 
pernit a marked increase in speed of exposure. Whereas previously 
it was difficult to avoid grid lines on a film even at a half-second, with 
a special type of grid exposures as rapid as one-fifth or possibly one- 
tenth of a second can be made with a fair degree of freedom from 
markings. This makes it possible to make roentgenograms of the 
chest with the diaphragm without sacrificing the speed which is so 
essential in dealing with the lungs. The diaphragm technic is par- 
ticularly of value in dealing with surgical conditions of the thorax ; 
the results of roentgenography in thoracoplasty cases and in lungs 
"Inch are heavily infiltrated from bronchiectasis, tumor, or empyema 
me greatly improved by this means. The invention of a stationary 
filtering diaphragm (the Lvsholm grid) has also made it possible to 
improve bedside roentgenography of heavy parts such as the hip or 
s l>mo; it is easily portable and eliminates a fairly large share of the 
scattered radiation. 

It should also be noted that wheel stretchers are now available 

no i are radiotransparent and fit closely over a Potter-Bucky dia- 
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Likewise lateral views of the shoulder can be obtained by the ^tech- 
nic of Jordan-Naratb 9, 10 so that the position of fractures of uppe 
humerus, calcifications of the supraspinatus and other tendons can b 
much more readily determined. Philips 11 has described a lateral 
position for the clavicle which is useful in determining more exactly 

the position of displaced fragments. _ 

While much has been written on roentgen pelvimetry, the simple^ 
method of recent years is that described by Ball and Marchbanks 
utilizing a device for the mathematical correction of tie enois P' 
ent in the usual roentgenogram. Stereoroentgenogiap ij , as escri e 
by Hodges and Ledoux , 13 is more complex but is also o consic era 
value. Moloy 14 using stereoscopy also advances a simp er pioce 
Numerous studies of the technic of exposure in postoperative dies 
conditions have been made. The problem of obtaining reac a e ms 
of the normal lung while penetrating sufficiently the sni^ica v 
lapsed or heavily infiltrated abnormal lung has been soli ec in a num 
ber of ways. Obviously the simplest procedure is to make two roen 
genograms, one with the usual chest technic, the other i\iti muci 
greater than normal exposure, with or without the use o a uc y 
diaphragm. Determan 13 advocates the use of a filtei^ bloc cmg ou 
part of the radiation on the side of the normal lung. Sampson uses 
a lead protector, exposing half the film only for the noimal e '■ 1,s 
is followed by a Bucky diaphragm exposure of the abnormal side on 
the unexposed half of the film. An opaque plastic covering the nor- 
mal side of the chest is suggested by Gershon-Cohen; 1 ' by this means, 
radiation through the normal lung is reduced. 

Soft tissue radiography for the demonstration of soft tissue tumors, 
inflammatory changes, vascular abnormalities has been developed par 
ticularly by Carty . 18 Further studies of technic in radiography of the 
breast have been made by Lockwood 15 and Fray and Warren .- 0 The 
latter emphasize the value of stereoscopic films. 

Changes in the methods of gastrointestinal examination have been 
characterized by the increased use of the so-called mucosal technic. 
In this is embodied the use of small amounts of barium mixtuie, the 
application of pressure to the area of involvement, and the making of 
roentgenograms under fluoroscopic guidance. The utilization of ■va- 
rious types of barium meals and their effects is well brought out b\ 
the studies of Ravdin and others . 21 In general a barium water mix- 
ture is being adopted. This is, no doubt, the most effective meal for 
examination of the small intestine, to which attention lias been re- 
cently directed. In the examination of the colon, the double contrast 
enema 22 and the use of colloidal substances for demonstration of tlie 
mucosa 23 are not new but have been more widely adopted. 

The technic of cholecystography has been modified largely by the 
introduction of the divided dose method of administering the dye 21 
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phragni. In dealing with seriously ill patients, these afford a means 
of making roentgenograms with the grid without removing the patient 
from the litter upon which he was transported to the x-ray department. 

Fluoroscopic units have been greatly improved, first, by making 
them shockproof, second, by increasing the illumination produced on 
the fluoroscopic screen, and last, by the production of a practical 
device for “spot-film” work. By the latter means, roentgenograms 
can be quickly made during the course of fluoroscopy in order to 
record findings fleetinglv or imperfectly observed under the screen. 
This is of substantial value in the diagnosis of diseases of the gastro- 
intestinal tract, in bronchography and in myelography. 


Kymographie apparatus has just been made generally available in 
this country. 'While the practical value of this equipment may still 
be debated, it no doubt adds something to the armamentarium of the 
roentgen diagnostician. By means of this type of moving grid, a 
roentgenograpliic picture of the motion of various organs can be ob- 
tained. Perhaps it is an oversimplification to state that this equip- 
ment facilitates the permanent recording of the motion which can be 


so readily seen by fluoroscopy. As such it is particularly applicable 
to the study of the heart, the ribs, diaphragms, lungs, esophagus, gas- 
trointestinal tract, and kidney pelvis. The advantages of this ap- 
paratus in diagnosis of the surgical diseases of the thorax have al- 
ready been well established. The general aspects of this type of 
roentgenograpliic technic have been thoroughly described by Stumpf . 1 


An extremely complicated piece of machinery is being used abroad 
for planigraphy or tomography. 2 -*' By means of this apparatus it is 
possible to make roentgenograms of organs in any plane, the selected 
plane appearing reasonably sharp and distinct, while all tiie struc- 
tures anterior and posterior to it appear to be out of focus. The 
localization and demonstration of deep-seated cavities in the lung, for 
example can thus be accomplished. It is too early to state positively, 
however, whether this equipment will be of lasting value. 

From the standpoint of technic, there have been few radical changes. 
Outstanding among them, from the point of view of the surgeon. 
° the procedures for making lateral views of the hip. Several 
arC u a. Lve been described. George and Leonard 0 advocate the use 
mCt l ° d cassette placed within the crotch of the patient while the 
° f , a Tdh-ected from a point above and lateral to the greater tro- 
tube is tl . , .Sidzbnrg 7 and Johnson* use the ordinary cassette, 

chanter. 1 q * ,. 00 f unit, the tube is placed between the thighs, the 

and with a s ioc oj - t j |f . pip. particularly in eases of infra- 

cassette on the on ' fpnl} called vertical) projection permits 

capsule fracture. ‘ ^ t0 t | ie position of the fragments of the 

greatly improved dia r 

femoral neck. 
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together with the addition of a carbohydrate meal or intravenous 
glucose (Antonueci, Sandstrom , 25 Stewart and Bliek 2C ). This pro- 
duces much more intense shadows when the oral method is used, while 
greatly hastening the appearance of the shadow when the dye is given 
intravenously. 

Pirie 27 advocates a new method for the localization of foreign bodies 
in the eye. This depends upon the fact that x-rays afford a direct 
stimulation to the retina. A metallic foreign body will produce a 
density in the circle of illumination seen by the patient when his eye 
is exposed to an x-ray beam. Aid in the removal of metallic foreign 
bodies from the eye can he obtained by the use of the biplane fluoro- 
seope. 2S 

Ghormley and Ifirlclin 29 have called attention to the importance of 
oblique views of the spine to demonstrate the articular processes and 
their joints. Intrarectal radiography for improved roentgenograms 
of the coccyx is described by Sabat . 30 

Fluoroscopy at the bedside can be readily accomplished if the ap- 
paratus devised by Sgalitzer 31 is constructed. Ledoux-Lebard and 
Saget 32 believe it is feasible to do fluoroscopy in illuminated rooms by 
means of a monochromatic light for general illumination and a colored 
filter in the glass over the fluorescent screen. The possibility of doing 
fluoroscopy in the operating room is thus greatly enhanced. 

The development of methods for making indirect motion pictures, 
i.e., reproductions of the images on a fluorescent screen, has now pro- 
ceeded to the point of practicality. For the time being this is largely 
of importance for teaching purposes, but the potentialities for im- 
proved diagnosis cannot be overlooked . 33 -* 3 

(P ar t 11 will appear in the next issue of Surokkv.) 
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Dr. Henry Kessler, of Newark, N. J, presented three men who had nppe 
extremity amputations of the cineplustic type which made it possible for them 
return to occupations requiring the active use of both arms. The remaining 
muscles in the arm or forearm stumps were used to make mo or oops 
levers in the artificial member opening and closing the an< - 11 * nnpratpri 
possible to obtain pronation and supination in the forearm y s raps P 
from the opposite shoulder. The artificial member can be used so mtufaeto y 
that the patient willingly wears it with pride in achieving difficult manipulation 
such as writing, handling papers, cards, violin bow, tying neckties, 

Dr. C. Leslie Mitchell, of Detroit, reviewed the subject of the clinical sig 
nificance of the serum phosphatase, stating that the studies are of definite va u 
in Paget's disease, osteitis fibrosa cystica, and osteogenic tumors but of no value 
in other conditions. It is interesting to note the drop in the serum Phosphatase 
as a result of removal of the primary tumor mass, only to -ee it rise ag. 
the development of metastases. Discrepancies in the phosphatase determinations 
and its physiologic action in various diseases were pointed out. e 
phosphatase in the blood may not necessarily be an accurate inc ex o ® a 
of new bone formation or the attempt of the body to form one, an ce 
activity in the bone concomitant with the healing of fractures is no 
any well-defined elevation of serum phosphatase. 

Dr. S. Kleinherg, of New York City, presented cases of femoral neck fractures 
which were treated successfully by conservative means ® ac ' ® 

early weight-bearing in plaster. After manipulation of t e rac ure J { 
better modification of the Whitman technic, the reduction was cliecke y . ' 

palm test,” measurements of the length of limbs to demonstrate equa >, t 
x-ray studies. A closely fitted plaster of Paris spica practically unpadded and 
accurately moulded over the great trochanter and iliac crest was app iet rom e 

toes of the affected side to the axillae. In from three to sev en ay s a er c 

fracture, the patient was placed upright on her feet for a few minutes sev era 
times a day. In ten to fourteen days, she walked in her room with abundan 
assistance; and from then on, the amount of activity allowed seemed to depend 
largely upon the physical ability of the patient. “Blow-bottles” were used to 
encourage hyperventilation. The plaster of Paris spica was removed at the end 
of two months for x-ray and then replaced by a short spica for a further our 
to six weeks, the,, a corset for one month. The statement was made that bony 
union was demonstrated in the x-ray taken two months after the fracture. ere 
was more general disagreement on this point than on anj other in the presenta 
tion. In the analysis of cases, the average age wms sixty-four years. Bony union 
was obtained in twenty-two of the twenty-four eases, anil the patients were walk- 
mg with a cane by the end of three month.*. 


A discussion of the intrinsic, traumatic, and extrinsic theories of the causation 
of torticollis was given by Dr. F. Kidncr, of Detroit, which was based on an 
analysis of seventy-four cases under his personal supervision. Microscopic exam- 
inations were made in operative ensos showing the condition to lie largely local 
hynliuirjitioii and destruction of the striated muscle with scar tissue replacement, 
llenmtoidin crystals also pointed to a hematoma us the causative factor. If the 
muscle rupture and hemorrhage involved a segment of the muscle through part 
uf its circumference only, the torticollis deformity did not develops but if ttti 
entire segment was involved, deformity was inevitable. If the sheath of the 
Mernonmstoid muscle is divided and closed with a deep suture after resecting a 
portion of the lower end of the muscle as recommended by the author, there is 
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REVIEW OF THE FIFTH ANNUAL MEETING OF THE 
AMERICAN ACADEMY OF ORTHOPAEDIC SURGEONS 


George A. Williamson, M.D., St. Paul, Minn. 


T HE Fifth Annual Meeting of the American Academy of Orthopaedic Surgeons 
was held in Cleveland on January 10 to 14, 1037, with a registration of 6S1 
surgeons marking this as the largest and most successful session. The examina- 
tion sponsored by the American Board of Orthopaedic Surgery preceded the gen- 
eral program. 

Monday, January 11, 1937, was a clinical day presented by the local men. 
Among the cases shown were some of congenitnl scoliosis in older female children 
accompanied by the development of complete paraplegia. Laminectomy in the 
affected area cleared up the compression on the cord and complete restoration of 
function occurred. Several cases of sciatic pain and backache due to enlargement 
of the transverse process of the fifth lumbar vertebra were shown. They pre- 
sented atrophy of the leg, pain and limp on the affected side; all received com- 
plete relief from symptoms following removal of the enlarged process. A large 
giant-celled tumor of the lower third of the radius had been resected and the 
defect in the shaft of the bone made up for by a massive graft into tho carpus. 
There being no recurrence of the tumor a year later, resection of n segment from 
tho lower end of the ulna gave a very excellent range of supination and prona- 
tion of the forearm. A knee joint arthroplasty, repair of cruciate ligaments, and 
repair of lateral ligaments of the knee joint were shown with excellent stability 
and painless motion. 

Music in the bones was the theme of one presentation in which the transmis- 
sion of vibrations of a tuning fork or electric oscillator through osseous tissue 
and across joints gave information ns to the state of continuity in the hone, the 
accuracy of reduction of a fracture, or the degree to which healing had advanced. 


Tuesdav January 12, 1037: Dr. Merrill Mensor, of San Francisco, gave a paper 
jjnuricVof tho accessory processes of the vertebrae and showed some excellent 
v studies of fractures through these parts of tho spine. It is difficult to 
liffcrentiate congenital anomalies from fractures in the absence of a history of 
except by repeated roentgenograms which would probably show progres 
rauma - - n , (ie casc of fractures nmi no change in the case of con 

non townr • ^ ncccS3 jtv for roentgenologic studies from various angles and 
rcmtal Jew -• tation ' is 0 f great importance in making a diagnosis. The 

their accu i ^ . f Jcvcrc Packnelie follows a marked torsion strain 

lesion should * -1 of extons i OI1 . Failure to recognise the condition frequent 
with or Withou persistent backache which may require surgical inter 

ly leads to nonum i The j, oa ,ipnity of facet fractures accompanying any 

fcrcnco for its correc I ' ^ , m ,» t j,* kept in mind and care should be 

crushing injury of . cl ' lllK v .-)ien reduction of the spine fracture is 

taken to have a traction elunem 

undertaken. 

fo r publication. K— r>, -0.^ . 
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Advantages: Stability, relief of pain and fatigue, and in some cases union of 
the fracture of the femoral neck takes place. Complications: Delayed union in 
four of the twenty-eight cases reported; increase in genu valgum; loss of angle 
at the site of osteotomy. The use of this procedure in osteoarthritis was also 
mentioned, the arthritic head being removed and then an osteotomy done to re- 
lieve pain and produce stability. 


Dr. E. Wolcott, of Des Moines, la., reported again on his work on circulation 
and nutrition of the head of the femur and showed radiographs of specimens 
injected with metallic mercury. He has traced a branch from the medial cir- 
cumflex branch of the profunda femoris artery through the cotyloid notch to join 
with the artery of the ligamentum teres to supply blood to the epiphyseal portion 
of the head of the femur. The feeling was expressed that although these studies 
reveal that 20 to 25 per cent of femoral heads receive no blood supply through 
this ligament which may be a factor in the failure of fractures of the femoral 
neck to unite, there are undoubtedly other factors which must always be kept 
in mind such as important shearing stresses at the site of fracture and inter- 
position of soft parts in fracture line. It is probable that shearing stress is the 
most important element to be considered. 

The Colonna operation for ununited fractures of femoral neck in which there 
has been complete absorption of the neck was again reported by the author. He 
has had fifteen cases in whom he has been able to restore stability, preserve 
motion, relieve pain, and reduce the amount of existing shortening. This method 
must not be used if there is any neck left or any bony spicules on the medial 
side of the shaft at the base of the neck. Motion pictures were shown of the 
patients walking, climbing steps, abducting the thighs, etc.; and the degree of 
motion and stability obtained was obviously very satisfactory. 

A paper was given by Dr. William Cubbins, of Chicago, on the "nailing” of 
fractures of the neck of the femur. He has advocated the Callahan technic 
using a trough or V-shaped nail inserted through an anterolateral incision through 
ulnch the capsule of the hip joint can be opened for inspection of the fracture 
site. Motion pictures visualized the technic used. 


Dr. C. B. Higgins, Milton, Mass., presented his interesting work on the effect 
of temperature changes on the distribution of red and yellow bone marrow in 
the skeleton and mentioned the reticulocytes in the red marrow as perhaps hav- 
ing something to do with the plan of distribution of secondary malignant deposits 
the bone. 


A symposium on fractures of the ankle was presented by Dr, Sumner Roberts, 
Bosl on; Dr. Robert Schrock, of Omaha; Dr. William Darrach, of New York 
*^ r * s P c cd, of Memphis, Tenn. The etiology and classification, tho 
fi.Umcnt of severe fractures, operative methods in treatment of severe fractures 
nu t ie treatment of malunited and disabling ankle joint fractures were taken 
tre ^* Urc " lls "" especially now information brought out except that in the 
rta nient of severe comminuted ankle joint fractures involving more than one- 

rncmlf 0 / tlbm ' ^° int surIacc antl in thc bad T- and Y-fractures, it was rccom- 
,, . ‘ mt an fickle joint fusion be performed. There was definite dissension 
fOducUn °' nt ! ,C "‘ C ” liU '° 100 Prolonged fixation after early accurate 

where and pro,hlctive of b ,ood results in the hands of a number; 

being tile dT r<;C , 0 t m " ICm,e<l if thl ‘ re ' vns n,, - v question of painful function 
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no need for any postoperative fixation. Kddner Las Lad only ono recurrence in 
nineteen years and that was in a patient who did not romain under treatment 
following operation. 


Great interest was shown in the shoulder seminar conducted by Dr. E. A. 
Codman, of Boston. Men who Lave done outstanding work in the study and 
treatment of shoulder joint lesions had been invited by the chairman to present 
various phases of the question. Muscle transplantation for circumflex nerve 
paralysis was discussed by Dr. Prank Ober, of Boston. Forty-one cases upon 
whom fifty-four operations had been done were used for this analysis. The oper- 
ation consists essentially in the transplantation of the long head of the triceps 
and short head of the biceps to the acromion of the scapula with the shoulder 
held in abduction. The best results were obtained in those children whoso 
muscles were normal except for the loss of the deltoid power. Dofinito improve- 
ment in stability and function was obtained in most cases. In eighteen of tho 
children, normal stability was obtained. 


Dr. K. Patterson, of New York City, told how salt solution injection in painful 
shoulders has brought dramatic relief in acute painful lesions. A detailed 
description of tho technic used in lavage of tho subacromial bursa with salt 
solution was given. Material obtained was thick and creamy liko “tooth paste.” 
In most cases, pain was gone after tho first syringe full of saline solution. Total 
quantity used was about two ounces. Temporary use of a sling for partial sup- 
port with complete function in the arm after four to six days was the usual his- 
tory. This technic promises to cut down the prolonged painful disability in acute 
subacromial bursitis. 


Whether the rupture of the long head of tho biceps bracliii is duo to trauma, 
wear and tear, or atrition of old ago was discussed by Dr. E. Gilcrcest, of San 
Francisco; and in spite of many excellent slides showing the pathologic condition 
at operation, methods of repnir and restoration of function, it is quite apparent 
that there is not as yet any general agreement on the etiologic factors responsible 
for the condition. 


Four recent acute cases of rupture of tho supraspiimtus tendon wore presented 
bv Dr. loo Mayer, of New York City. AH had been treated by operation at 
which tho pathology was easily demonstrated. Some difficulty is encountered in 
exposing the retracted proximal end of the tendon and in fastening it securely 
to its anatomic insertion. Motion in the shoulder should not bo started in less 
than four weeks and one should not expect to get full return of power in the 
‘ gcl(; a t(i, m , g h there need not be any functional loss in the shoulder. Excellent 
colored moving pictures of the lesion and operation for its repair were shown by 
Dr. D. M. Boswortb. also of New York City. 


. . Junuarv 13, began with a paper on the Schnnn osteotomy for 
C nCS c '^ fractures by Dr. Herman Schwnm, of Milwaukee. The indications 
ral ncc * ^ of the author were definite nonunion or fibrous 

ms proe Ynr;t difference between high Schanr. and low Seim nr. osteot 

iw ith «OXB an ■ ■ ■ . ficntion „( tic technic were mentioned mid tlm author’s 
a and the Bie r t ^ «tnted. Greater stability and improved efficiency of 
jrcnce for th<* a ;JI( R r ,. M1 U of improving the lever action of the 

gluteal muscles is t j, ere n genu valgum present prior to operation, 

ir end of the femur. , „ f ;l etor in the production of pair, later on. 

is likely to increase - 
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formed operation, removal of the entire coccyx by sharp dissection, beveling the 
lower end of the sacrum, and closure of the deep pelvic floor should give satis- 
factory result with complete relief of pain. 

The Mechanics of the Lumbosacral and Sacroiliac Joints were discussed by 
Dr. L, T. Brown, of Boston. 

Nerve Boot Pain Due to Intraspinal Protrusion of the Intervertebral Disk was 
presented by Dr. J. G. Love, of Bochester, Minn. Diagnosis of the lesion is made 
in cases of intractable back pain, which do not yield to the customary measures, 
by lumbar puncture to determine total protein content of the spinal fluid. If this 
is elevated, lipiodol injection reveals a filling defect at the site of the lesion. 
Beverse Queckenstedt test shows marked increase in the pain referred on the 
affected side. Laminectomy with removal of the protruded disk has led to relief. 

The final paper concerned with The Compensation Aspects of Low Back Condi- 
tions was presented by Dr. H. L. Prince, of Bochester, N. Y. A plea was made 
not to frighten the patient into believing that his condition -was a very serious 
one. Acute back sprains should be treated with adhesive plaster, a few days’ 
complete rest, and relaxation in bed using narcotics if necessary, followed by 
early active exercises and return to -work. The common use of plaster of Paris 
and mechanical brace support can be quite dangerous to the mental attitude of 
the individual as well as prolong the period of disability. 
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Thursday, January 14, 1937: Anthroplasty of the Hip Joint. End-Result Study 
of Seventy-Nine Unselected Cases by Dr. Hulford Hullock, New York City, was 
first presented. 

This was a study of seventy-nine eases treated in one hospital by various 
surgeons and various technics from 1919 to 1934. The et iologic factors respon- 
sible for the ankylosis requiring arthroplasty included osteoarthritis, septic ar- 
thritis, coxa vara, slipped femoral epiphysis, etc. The results were very poor ns 
mobility was unaffected or lowered in 71 per cent of the cases. Most cases had 
painful hips after operation although stability was good. Since 1934, technical 
improvements have increased the so-called good results although pronounced pain 
and limp often persist after operation. 


Dr. B. Moore, of Chicago, presented a paper on Effect of the Periosteum on 
the Position of Fracture Fragments, in which ho showed that the periosteum has 
a definite mechanic effect in assisting or impeding the reduction and retention of 
the fragments of a fracture. He made a plea for gentler manipulations of frac- 
tures and an understanding of what the torn or stripped periosteum may be ex- 
pected to do in helping or hindering the reduction. 


Three papers on tuberculosis of bones and joints were rend. The first by 
Dr. A. B. Ferguson, of New York City, dealt with the soft tissue shadows of the 
joints and the information one can obtain regarding effusion, atrophy, infiltration, 
chronicity of the lesiofi, and so on. Aided by the clinicnl history, it is possible to 
make a diagnosis of tuberculosis of a joint even before osseous changes are 
apparent. Primary and Secondary Osseous Lesions in Tuberculous Arthritis was 
presented by Dr. C. H. Hatcher, Chicago. He stated that tuberculous involvement 
of the joints is usually another manifestation of a primary lesion elsewhere in 
the bodv. The location of the lesion may be in tbe bone or synovia. The lesions 
in children are rarely found in the epiphysis; whereas, they are more usual in 
the epiphvsis in adults. Some excellent colored photomicrographs added much to 
the value of the paper. The case for Tuberculosis of the Spine in Children was 
again stated by Dr. E. F. Cave, of Boston. One hundred twenty-two cases have 
been treated in the past seventeen years. Diagnosis was made on history, 
clinical, x-ray, serologic, and laboratory findings. Sixty per cent of cases showed 
positive pulmonary changes and 75 per cent of eases develop tuberculous ab- 
scesses Mortality of 17 per cent was reported, most of which was due to develop- 
ment of amyloidosis. Fusion in twonty-two cases was done after the disease was 
quiescent as a means of preventing deformity and recurrence. 


A symposium on Low Back Lesions with Dr. Joel E. Goldthwalt, Boston, as 
irni'an occupied the entire afternoon of the last day of the meeting. Dr. Thco- 
H wllllSi of Cleveland, spoke on the Anatomical Structure of the Lumbar 
including Variations. Many of the common variations found in “7 per 
BS f . , „ were mentioned. Backache due to enlarged transverse processes 
cn t of cases ](V postural treatment which was designed to correct 

•as frequen } • ^ ‘ m t]l( . anr)mn lies nt the lumbo-ncral junction. Dr. E. 

lechnnicnl strai 1 • fgllgn . n j the Operative Treatment presenting tables 

i. Compere, ^of ' C various forms of surgical procedures and the rc-til!* 

btained. 

ions W cre di-eu-ed by Dr. J. Albert Key, of St. Louis, with 
Sacrococcygeal DM tv[ir n f roreygo<lyr;in. Operatise removal of the 

qiccinl mention of * > f chronic disability i* produced. A rnn-fuHv pc r . 
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as described by Burgess, would give a foundation to the student and practitioner 
in studying the excellent chapters dealing with the bony pelvic abnormalities. 

Unquestionably, the book Temains substantial among obstetric texts and should 
be accorded a prominent place in the library of the practitioner and student. 


Medical Morals and Manners. By H. A. Royster. Cloth. Price $2.50. Pp. 333. 

Chapel Hill, N. C., 1937, The University of North Carolina Press. 

The American student of medicine of our day has become familiar with the 
charm of philosophic medical essays in monographic form largely through the 
delightful Aequinimitas of the late William Osier and the equally refreshing 
Consecratio Medici of Harvey Cushing. A fairly large number of monographs of 
this type have come from the pens of distinguished English and American men of 
medicine and surgery. In a manner, such essays may be said to be in part 
autobiographical in character, for they reveal the interests and outlook of the 
author in many reflective moods. 

Such, too, is the subject matter of this text in which a well-known American 
surgeon discourses upon a variety of topics. There are in all thirty-one essays, 
listed under five headings. The majority of the papers are addresses which have 
been delivered before medical audiences; some are semipopular in nature. This 
collection of philosophic essays interestingly written by a thoughtful surgical 
idealist, given to meanderings into nonmedieal literature and possessed of a well- 
developed historical sense, should find favor with students of surgery. 


Lectures on Embolism and Other Surgical Subjects. By Gunnar Nystrom. Cloth. 
Price $3. Pp. 213, with GG illustrations. Baltimore, 1936, Waverlv Press, Inc. 

This small volume of five chapters relates to lectures given by the author as 
Abraham Plexner Lecturer at Vanderbilt University. A note on the Abraham 
Hexner Lectureship by Chancellor James H. Kirkland and a foreword by Barney 
Brooks introduce the monograph to American readers. The name of Gunnar 
hfystrom, professor of surgery at the University' of Uppsala, Sweden, has become 
"ell known to American surgeons in the last decade through his surgical successes 
«'ith pulmonary embolcctomy. The problem of pulmonary embolism and embolism 
of the arteries of the extremities and their surgical treatment are well discussed. 
Equally interesting to American surgeons is the informative chapter on the treat- 
ment of fractures of the anatomic neck of the femur. Smith-Peterson’s method 
of dealing with these fractures together with Sven Johansson’s modification which 
are widely practiced in Sweden are well illustrated and described. The remaining 
two chapters deal with the problem of appendicitis in Sweden and the cytology 
«f joint exudates. The author inclines to the belief that all instances of acute 
Appendicitis, no matter what the extent of the disease, should be treated surgically 
a thesis which is rapidly losing ground in the United States. 

This volume can bo enthusiastically recommended to all practitioners of medi- 
cine who have an interest in the subject matter. 


The Law of Drugs and Druggists. By William R. Arthur. Cloth. Pp. -1ST, St. 

1 nul, 1930, West Publishing Company. §3. 

Ihc author, who for several years has been giving the short course on drug law 
to the senior classes in the School of Pharmacy at the University of Colorado, carries 
on the work in this volume that was commenced many years ago by Dean Washburn, 
<■ the School of Pharmacy, and himself. 
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Williams’ Obstetrics: A Textbook For tbe Use of Students and Practitioners,) 
Edited by Henrieus J. Standcr, Cloth Pp. 1269, with 729 illustrations. New 
York, 1936, D. Appleton-Century Company, Inc. 


When the author of this revision states in his preface, "an attempt has been 
made to retain as much of Dr. Williams’ last revision as is consistent with the 
new developments in obstetrics," the reader is prepared for a continuation of 
the conservative dignity of the previous Williams' revisions. In the rewritten 
chapters, little can be found that departs from the high standard of obstetric 
literature set by the late Dr. Williams. 

Three new chapters arc found in the book. The first of importance from the 
standpoint of the practitioner is the chapter dealing with the hormones ns related 
to menstruation, pregnancy, parturition, and lactation. Here is a precise, under- 
standable summation of a subject around which a voluminous incomprehensible 
literature has accumulated. To the practitioner interested in undertaking en- 
docrine therapy, this addition should bo of value in serving as a base from which 
excursions may be made into more complex reading. Another new chapter, second 
in interest if not in importance, is the chapter dealing with obstetric anesthesia 
and analgesia. All of the common, newer methods are detailed. Hero again, a 
sizable literature, which while not as incomprehensible ns in the caso of the 
hormones, but yet somewhat confused by personal enthusiasms is epitomized into 
a workable understanding. Tbe free use of morphia described in the routine 
analgesia of the New York Lying-In Hospital is a surprise, in view of the general 
exclusion of this drug during labor in most places. The third new chapter and 
tbe one which probably will be read the least, because of the lack of exploitation 
of the subject is the one dealing with diseases of the kidneys and urinary tract. 
Here is found ’a concise description of the. physiology of the urinary tract during 
Tvrccnnncy, an understanding of which is fundamental to clinical obstetrics, and 
mhicb While an old subject, has had a recent revival of interest among urologists. 

Tv the section of the book dealing with the physiology of pregnancy, the chap- 
vifli the "changes in the maternal organism resulting from preg- 
«' ~™»' b ” 

nancy ami ,a,WntIr. For what, is the management of normal preg- 

jf combined or p ^ ^ observation and attempted regulation of tbe maternal 

nancy If It IS 1101 ' from pregnancy? Obstetric consultation practice 

physiologic changes - TeasonaW( . antepartum care is one of the faults in 
reveals that lack oi Certain formal "prenatal" examinations ami recoin- 

American obstetrics tin)es w ( t hout intelligent interpretation of the 

mondations ore mm c, f ,f the antepartum phase of the subject of 

results Consequently, any v i 


stetrics would seme ti(m of the book dealing witli the pathology 

Pelvimetry is dcscri c * j with contracted pelvis, 'l'his placing of the 

of labor in the ehnpter c * nrcentlia ,ion on the use of pelvimetry ns a routine 

subject causes some los- . |, n , readied new proportions with the dr- 

Suojv'-i- ns n inm.ii” . . _ c 


Snb ^Lre Pelvimetry ns n p 0 „M properly be accorded the dignity 

felopment of radiographic „ c 5 „me simple pelvic dn.sirtentior. such 

o£ a chapter, which, wit ^ 
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as described by Burgess, would give a foundation to the student and practitioner 
in studying the excellent chapters dealing with the bony pelvic abnormalities. 

Unquestionably, the book remains substantial among obstetric texts and should 
be accorded a prominent place in the library of the practitioner and student. 


Medical Morals and Manners. By H. A. Boyster. Cloth. Price $2.50. Pp. 333. 

Chapel Hill, N. C., 1937, The University of North Carolina Press. 

The American student of medicine of our day has become familiar with the 
charm of philosophic medical essays in monographic form largely through the 
delightful Aequinimitas of the late William Osier and the equally refreshing 
Consecratio Medici of Harvey Cushing. A fairly large number of monographs of 
this type have come from the pens of distinguished English and American men of 
medicine and surgery. In a manner, sueh essays may be said to be in part 
autobiographical in character, for they reveal the interests and outlook of the 
author in many reflective moods. 

Such, too, is the subject matter of this text in which a well-known American 
surgeon discourses upon a variety of topics. There are in all thirty-one essays, 
listed under live headings. The majority of the papers are addresses which have 
been delivered before medical audiences; some are semipopular in nature. This 
collection of philosophic essays interestingly written by a thoughtful surgical 
idealist, given to meanderings into nonmedical literature and possessed of a well- 
developed historical sense, should find favor with students of surgery. 


Lectures on Embolism and Other Surgical Subjects. By Gunnar Nystrom. Cloth. 
Price $3. Pp. 213, with 66 illustrations. Baltimore, 1936, Waverly Press, Inc. 

'ihis small volume of five chapters relates to lectures given by the author as 
Abraham Flexner Lecturer at Vanderbilt University. A note on the Abraham 
oxner Lectureship by Chancellor James H. Kirkland and a foreword by Barney 
oobs introduce the monograph to American readers. The name of Gunnar 
v JjStrom, professor of surgery at the University of Uppsala, Sweden, has become 
"? known to American surgeons in the last decade through his surgical successes 
^ 1 Pulmonary cmboloctomy. The problem of pulmonary embolism and embolism 
ie arteries of the extremities and their surgical treatment are well discussed. 
la - ln t°resting to American surgeons is the informative chapter on the treat- 
ment of fractures of the anatomic neck of the femur. Smith-Peterson’s method 
o waling with these fractures together with Sven Johansson’s modification which 
;;; " lc,e[ - v practiced in Sweden are well illustrated and described. The remaining 
c mpters deni with the problem of appendicitis in Sweden and the cytology 
nti J °'r t The author inclines to the belief that all instances of acute 

1C P' S , no matter what the extent of tiie disease, should be treated surgically 
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The of Drugs and Druggists. Bv William R. Arthur. Cloth. Pp. -iS7. St 
nuI ' 103(i . w «st Publishing Company. $3. 
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on tile . Cln ' ss . e! ’ ,n <lle School of Pharmacy at the University of Colorado, carries 
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This book is ideal for physicians, pharmacists, and nurses who desire to know 
something of the legal aspects of the medical profession, and for those who wish 
information concerning the relationship of law in the practice of medicine in so far 
as the dispensing of drugs is concerned. 

Part I covers state and local laws and is of special value to pharmacists. Part II 
covers the subject of federal statutes and relations. One chapter covers the subject, 
of the Harrison Anti-Narcotic Act. Actual court cases are cited. Many points arc 
made clear for the guidance of the prescribers and dispensers of drugs. 

The aim has been to cover in a concise and practical manner the area wherein 
law and the prescribing and dispensing of drugs overlap. For the benefit of the 
physician and pharmacist, the legal terminology could have been much reduced ami 
technical terms could have been simplified in an effort toward clarity ns well ns 
accuracy. 

A doctor once said: "If a man knows what malpractice is, he can almost avoid 
it. In other words, the more law he knows, the more he can be kept out of court 
or at least the terrors of it.” 

This book can be well recommended, especially to the students of pharmacy. 
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SIMPLE ULCER OF THE ASCENDING COLON AND 
ITS COMPLICATIONS 

Sir David Wilkie, M.D., Edinburgh, Scotland 
( From the University of Edinburgh) 

TN mammals no part of the alimentary tract presents greater varia- 
i tion in sine ancl functional activity than the proximal part of the 
colon. In the herbivora it is large and capacious to accommodate 
and to permit of the final digestion of the bulky vegetable diet. In 
the carnivora it is relatively small and unimportant and its removal 
causes little upset of digestion. Man, primarily herbivorous, has be- 
come facultatively carnivorous, and his proximal colon is thus placed 
in that awkward state of unstable equilibrium which renders it sus- 
ceptible to trouble. 

Apart from the vermiform appendix, the common site of trouble is 
in the ascending colon, some little distance above the ileocecal valve. 
Sir Arthur Keith pointed out that in many of the lower animals, par- 
ticularly in birds and rodents, there is a sphincter mechanism in the 
proximal colon which prevents too rapid emptying of this part and 
allows of the completion of digestion. Keith gave the name cecocolic 
sphincteric tract to this usually contracted area of the proximal colon, 
and the portion proximal to it and distal to the ileocecal valve he 
called the cecal colon (Fig. 1). No such sphincteric tract exists in 
man, but very frequently we find spasm in the ascending colon in the 
corresponding area, and it is the common site of malignant disease in 
'he proximal colon. 

II we regaid the proximal colon as a second stomach, the ileum 
represents the esophagus; the cecum, the cardia ; the cecal colon, the 
body of the stomach; and the cecocolic tract, the pyloric antrum and 
pjlnrus. In the stomach the pyloric end is the common site of car- 
entoma but the lesser curvature lhat of simple ulcer, so in the proxi- 

f,n iHibllcitlnii, ].‘«-|jru;i r v JlilT. 

Cut') 
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mal colon carcinoma is found in the region of the eecocolic tract 
simple ulcer on the lesser curve; i.e., the medial wall above and be 
vond the ileocecal valve. (Fig. 2.) 



FiE- 1— Ileum ami proximal colon of rat. The contracted cecocr.lic area appears 
itg, x. run i u t0 nave sphintoilc function. 
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enough, they illustrate almost all the various clinical features which 
may characterize such ulceration and also the complications to which 
it may give rise. These four cases were met with over a period of 
more than twenty years’ practice in abdominal surgery. This might 
suggest that the condition is a very rare one. I am inclined to think, 
however, that minor degrees of such ulceration may he relatively 
common and that even at operation the condition may be overlooked. 



1 Ik. a. Simple ulcer of cecal colon simulating carcinoma. Note common situation 

above Ileocecal valve. 


SIMPLE 1’UT.It SIMULATING TUMOR 

< am. 1. Mule, aged forty-five years. Complaint . — Pain in (lie abdomen an ,j 
i'-e-tiRc of blood from rectum. 

( "'7 fr ’”" chronic' constipation, tlie patient had been in good health until three 
> h'fore his admission to hospital. At that time ho began tn suffer from slight 
'■"II ill the right lower quadrant of the abdomen, ami on one m-easion lie passed 
'">‘1 om> ounce of red blood per rectum. He consulted a doctor who. on examining 
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the abdomen, discovered a swelling in the right iliac region and sent the patient 
to a hospital with the diagnosis of chronic appendicitis. 

On examination ho looked a healthy man; the abdomen was not distended; on 
palpation, a swelling ill-defined, about one and a half inches in diameter, could be 
felt in the right iliac fossa. This was not tender to touch, was mobile, and was 
taken to be inflammatory thickening, in all probability associated with chronic 
appendicitis. No radiologic examination was made. 

• ' Operation . — The abdomen was opened through a gridiron incision in the right 
iliac region. On pulling out the cecum a firm swelling was felt at, and just above, 
the ileocecal valve. The appendix was normal. From the densely hard character 



in the ascending colon, the diagnosis «f carcinoma was made and 
the s«cu% <10 , on resected. The ends of the ileum and colon were 

TTnd n lateral anastomosis performed. There was little evidence of glandular 
se d nnU C • tubercle either in the small intestine or mesenteric glands, 

rolvcmcnt art M rmiv , r y. 

e patient mac • ^ rpmon .,|. there was seen to he a punched out nicer. 

On opening 1(1 •! ulcer, and sitnateil on the medial wall of the ascending 

isdy resembling a P 1 * ^ v ’ a lve (Fig. Si. The margins of the latter were 

Ion just above 1 memhrano »r am and the re-t of the 

uting and edematous, Oul-ido the ha-.- of the tiler there ««' consider 
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A wedge was taken from the ulcer for microscopic section. The latter showed 
marked small celled infiltration of the tissue around the ulcer but no evidence of 
malignant disease or of tubercle. 

Summary . — Simple ulcer of the ascending colon simulating malignant disease. 
Besection of proximal colon. Recovery. 

RETROPERITONEAL PERFORATION OF SIMPLE ULCER CAUSING PSEUDOHERNIA 

Case 2. — Mrs. F., aged sixty-four years. The patient had always been a delicate 
woman and had suffered from chronic constipation. For some months she had been 
getting noticeably thinner, and one month before began to complain of pain on the 



Pin. n.— Case 2. 


Show in ir perforation from mucous aspect. Note typical situation. 


right side of the abdomen. When examined by licr doctor at this time, an indefinite 
tender swelling could be made out in the right lumbar and iliac regions. While she 
«as under observation her doctor noted the gradual development of a visible swelling 
m the right iliae region, situated one inch internal to the anterior superior spine. 
The swelling was soft and yielding; it varied greatly in size from time to time and 
"lien pressed on would disappear slowly to reappear again. It suggested a hernia 
hut "as some distance from any of the usual hernial apertures. The patient con- 
tinued to become thinner nnd weaker, and the constipation liecnme more obstinate. 

On examination on August I. liUU. she was seen to be a very pale, emaciated, 
tmd weak woman; the abdomen was not distended. In the right iliac region there 
U . v, MbIc swelling, the size of a hen’s egg. situated n« above descrilied. On 
I'll pat ion there was no tenderness, nnd the swelling readily disappeared within the 
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the abdomen, discovered a swelling in the right iliac region and sent the patient 
to a hospital with the diagnosis of chronic appendicitis. 

On examination he looked a healthy man; the abdomen was not distended; on 
palpation, a swelling ill-defined, about one and a half inches in diameter, could be 
felt in the right iliac fossa. This was not tender to touch, was mobile, and was 
taken to be inflammatory thickening, in all probability associated with chronic 
appendicitis. No radiologic examination was made. 

■ Operation . — The abdomen was opened through a gridiron incision in the right 
iliac region. On pulling out the cecum a firm swelling was felt at, and just above, 
the ileocecal valve. The appendix was normal. From the densely hard character 


Fip. 



... in t ) ic ascending colon, the diagnosis of carcinoma was made and 
the svic mg tJ|0 (>olon resected. The ends of the ileum and colon were 

0 P , r ° X ” ntt n vL ral anastomosis performed. There was little evidence of glandular 
jsed and U ‘ { lK , r ,.j e cither in the small intestine or nic-enteric glands, 

rnlvcment nnd no sign ot turn - 

,. , made an uneventful recover}. 

ic patient ma !mt>n removed, there was seen to !»■ a punched out ulcer. 

On opening to ' , t . istr ; { , ulcer, and situated on the medial wall of the ascending 

osclv TCScmbling a „n- r > ^ v;i j v| , , p; e ) . The margins of the latter were 

lion just above the i rolIt . m ,s membrane of the cecum and the rest of the 
outing anil edeinatou*. Outside tie- ba-e of th- ulcer there wa« consider, 

sccnding colon " n<rin „ mes-mlon. 

ble induration m the 
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SIMPLE ULCER LEADING TO STENOSIS WITH CECAL DISTENTION 

AND STASIS 

Case 4. — Mrs. Iv., aged forty-nine years, had for ten years suffered from flatulent 
distention and dragging pains on the right side of the abdomen. For .the past three 
years she had complained of periodic attacks of indigestion of the hunger type and 
had received medical treatment for indigestion. 

-'bray examination showed a definite deformity of the duodenal cap, strongly 
suggestive of ulcer. The striking feature in the x-ray examination, however, was 
the prolonged stasis in the cecum, which retained a considerable residuum of 
barium long after most of the meal had passed through the colon. 



m. t>. Case 3. Perforation of simple uteer into peritoneal cavity. Note second ulcer 
above perforated one and scars of two healed ulcers In Ileum. 


lc pal lent , who liad been for some years resident in India, gave a history of 
^Kr.il attacks of diarrhea some years before. These were considered not to be 
d) sent erv, and for the past two years she had been quite free of them. 

provisional diagnosis before operation was “duodenal ulcer and simple 
stenosis of ascending colon.’’ ' 1 

intds!o,i" ,,0 \ 0,1 ’ 1 ";’ ■*' 1S '- S > thc -‘bdomcn was explored through a right rectus 
duodrnm., ' ,luo,lcn! ' 1 ulccr ' V3!i f 0,111 ^ 011 ,h <' anterior wall of the 

tomv performed l ’ nrt ° f t,lC d " odenum " !ls 11101,11170,1 311,1 3 pistroduodenos- 
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abdomen when pressed on. It was tympanitic oil percussion and obviously contained 
pus. A slight fullness could bo felt in the right lumbar region posteriorly. 

A diagnosis was made of free gas in the extraperitoncal tissues, in all probability 
duo to a leak through a growth in the region of the cecum or ascending colon. 
An operation was advised but was at this time refused. Two days later the patient 
became much worse and was sent into a nursing borne. By this time the swelling in 
the right iliac region was much larger, the skin over it was purplish in color and 
on the point of becoming necrotic. 

Operation. — An incision was made into the swelling which, on being opened, 
collapsed with the escape of gas. The cavity communicated through a relatively 
small aperture in the abdominal wall with a much larger cavity which extended 
from the right kidney above down to the floor of the pelvis. This cavity, which 
was extraperitoncal, was lined by a gray, sloughy membrane and contained nothing 
but gas. Owing to tlie patient’s critical condition all that was done was to insert 
Carrel’s tubes and to irrigate with eusol. The patient died the following day. 

Postmortem . — On opening the abdomen there was seen to be no peritonitis and no 
evidence of tumor growth in the colon. The peritoneum of the posterior abdominal 
wall on the right side had been dissected up by gas, and on reflecting it forward 
the very large cavity which had been found on operation was examined. A small 
perforation, 5 mm. in diameter, was found on the posterior aspect of the ascending 
colon, tlirec-qunrters of an inch above the ileocecal valve. (Fig. 4.) On opening 
the colon an elongated ulcer was found on the posteromedial aspect of tlie ascending 
colon, which bad perforated into tlie retroperitoneal cellular tissue. (Fig. 5-) There 
was no ulceration in any other part of the bowel and no signs of tubercle or car- 
cinoma. The colon was not unusually dilated, and there was no obstruction to its 
lumen at any point. 

Microscopic sections of the ulcer showed merely the inflammatory reaction asso- 
ciated with a so-called simple ulcer. 

Summary . — Simple ulcer of ascending colon. Perforation into retroperitoneal 
tissue. Formation of gas-filled pseudohernia. Death from toxemia. 


INTRAPERITON'EAE PERFORATION* OF SIJIPEE ULCER 

Case 3. Female, aged fifty-six years. Admitted to a medical ward of the hos- 

pital, suffering from abdominal pain and distention, in a very collapsed condition. 

History. Tlie patient had suffered from chronic constipation, but some eight 

days or so before admission slie began to have diarrhea which continued until admis- 
sion Three days before admission she was seized with very severe pain in tiie 
ri^b't side of the abdomen. This continued and spread all over and was accompanied 
by vomiting and great prostration. 

On examination tlie patient was collapsed and unable to answer questions, pulse 
, . 140 abdomen distended and tender nil over. Patient never rallied sufii- 
cientlv for any surgical interference to be possible and died twelve hours after 

admission. „ 

Generalized feculent peritonitis. A small perforation was seen oil 

1 os <ur 'f aC e of t he ascending colon, just above the ileocecal valve. On open- 
the media su ulcers were found in tlie ascending colon, tlie lower of which 

ing the gu > ' {hc g cnera l peritoneal cavity. (Fig. C.) Tn the lower end of 

had perfora e ^ irregular, scarred areas which appeared to be healed ulcers, 

the ileum there wer negative. Sections of the ulcers showed infiltration 

«>■» x'SEZZS 

of tissues v) tj ic ascending colon. Perforation of one causing 
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SIMPLE ULCER LEADING TO STENOSIS WITH CECAL DISTENTION 

AND STASIS 

Case 4. — Mrs. I\., aged forty-nine years, had for ten years suffered from flatulent 
distention and dragging pains on the right side of the abdomen. Tor .the past three 
years she had complained of periodic attacks of indigestion of the hunger type and 
had received medical treatment for indigestion. 

X-ray examination showed a definite deformity of the duodenal cap, strongly 
suggestive of nicer. The striking feature in the x-ray examination, however, was 
the prolonged stasis in the cecum, which retained a considerable residuum of 
barium long after most of the meal had passed through the colon. 



m. ti. Case 3. Perforation oC simple ulcer Into peritoneal cavity. Note second ulcer 
atiove perforated one and scars of two healed ulcers In Ileum. 


rjsj { ^ , 

K patient, who had been for some years resident in India, gave a history of 
tr'pH'l ° C t * iurr hca some years before. These were considered not to be 

* ' Kcnlc T, n,| d for the past two years she had been quite free of them. 

hi provisional diagnosis before operation was “duodenal ulcer and simple 
■ tenosss of ascending colon.’' 

ii»rUio n r,,,U, \'~ 0,> ■*’ ,!lc n,>d0m011 explored through n right rectus 

duodenum ‘ tV?’ , " kcr ,V!ls interior wall of the 

tomv performed 1,r ‘ rt " f U ' e <luoJem,m ,vns and a gastroduodenos- 
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Tlic cecum was large and its wall was hypertrophied. dust above tbo ileocecal 
valve a dense band of adhesions crossed the ascending colon which, at this point, 
was puckered and fibrosed. (Fig. 7.) On dividing these adhesions, a fibrosed stellate 
scar marked the site of a healed ulcer, situated half an inch above and slightly in 



, nr Tscendlmr cofon from dense adhesions to tlic fibrosed 
Fig . 7 ,— Case 4. » enoshM* colon. Note cecal distention which was relieved by 

scar ot a healed nicer 
division of band. 

i alee 'Die division of the adhesions allowed of sufficient ex 

front of the ileocecal^. ^ f<) <he ccnun , 

pansion of the co on o most satisfactory, for not only was the indigestion 

Dio result of the opera ^ distention an d discomfort in the cecal region 

entirely relieved, but the 

disappeared. 
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Etiology . — Prom a study of the few previously recorded cases and the 
four described above, the only common factor discovered was a history 
of chronic constipation. It would appear that fecal stasis and fer- 
mentation in subjects past middle life may tend to lead to the develop- 
ment of one or more ulcers in that part of the bowel named by Keith 
the cecal colon. It is difficult to account for the frequency of the 
ulceration in the ascending colon just above the ileocecal valve as the 
blood supply of this segment is good. Possibly the relative fixity of 
the mucosa in this, the least expansible portion of the ascending colon, 
may have something to do with the development of a chronic ulcer 
in this situation which is in this respect comparable to the lesser 
curvature of the stomach. 

Symptomatology. — Simple ulceration in the proximal colon may exist 
with no appreciable symptoms until some complication such as hemor- 
rhage or acute or subacute perforation sets in. Chronic constipation 
is so common without ulceration that this symptom in itself is of 
little value, but the presence of a palpable lump or the onset of acute 
symptoms suggesting a perforation, in a patient the subject of chronic 
constipation, should suggest the possibility of this among other con- 
ditions. 


COMPLICATIONS 


Hemorrhage is a rare complication. Tn Case 1 , recorded above, it was 
noted but was not severe. I can find no note of it in any of the other 
recorded cases. 


Suhacxctc perforation with pericolitis leading to the formation of a 
palpable mass or the development of an abscess has been observed in 
several cases. The diagnosis from a neoplasm, ileocecal tuberculosis, 
01 chronic appendicitis must ever be a matter of considerable difficulty 
in this class of case. Possibly some eases of perinephric abscess of 
obscure origin are, in reality, examples of subacute perforation of a 
simple ulcer of the colon into the retroperitoneal tissues. 

Formation of Pscudoncoplasm of Colon . — The inflammatory thicken- 
"'g in and around the colon at. the site of the ulcer may give physical 
( mi actors almost indistinguishable from those of a neoplasm. This 
uas well exemplified in Case 1 recorded above and in one recorded by 
• lmel and Secheyron. In both, a resection of the proximal colon was 
pei formed with success and the benign nature of the mass onlv subse- 
quently discovered. 


- cute perforation is the most dangerous and. so far ns records show, 
most frequent complication. It may occur into the retroperitoneal 
issm am stive the curious clinical picture of pseudohernia met. with 
' iM — to 11 foul perirenal or snbphrenie abscess. Perforn- 

i "i into t ic peritoneal cavity must always be a serious complication 
" ,s I » is shown hv ,l„. ,4„1, S 
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corded by Quenu and Duval, and by Ziekler after operation for 
closure of the perforation. Whether a simple ulcer may be the start- 
ing point of malignant disease in this region is uncertain. 

Stenosis From Cicatricial. Contraction. — It, is not uncommon to find 
bands of inflammatory adhesions in the region of the ascending colon. 
That some of them may be the result of antecedent simple ulceration is, 
I think, more than likely, but I do not recall having met with another 
case in winch the evidence of this sequence was clear and unequivocal 
as in the case here recorded. 


treatment 


Since the condition can never be diagnosed with certainty before 
operation, treatment resolves itself into that for cases where a pseudo- 
neoplasm has developed and for those in which perforation has oc- 
curred. In the former, doubt will still exist when the colon is exposed 
at operation, and a resection of the proximal colon will always be the 
wisest course to follow where the patient’s general condition allows 
of it. In aged or very weak patients, an ileocolostomy, which short- 
circuits the ulcer, may be deemed the wiser course. Where perfora- 
tion info the. peritoneal cavity has occurred, simple closure of the per- 
foration with drainage has been successful in several cases. Where 
the perforation is large, or where the surrounding induration makes 
closure impracticable, stitching of the perforation to the surface, with 
a subsequent resection of the proximal colon, if peritonitis he out- 
lived, is the method of choice. In the case of extraperitoneal perfora- 
tion free drainage of the infected tissues is all that can be attempted 
in the first instance and, should recovery ensue and a. feeal fistula 
persist for any length of time, resection of the affected segment will 
be called for. 

CONCLUSIONS 


1 The proximal colon is, under modern dietary conditions, very 
commonly the site of dysfunction and disease. 

2 Simple ulcer of the cecal colon is a pathologic entity. 

3' Clinically, it is encountered (a) as pseudoneoplasm of the bowel; 
( 1 ) when complicated by acute or subacute perforation; (c) when 
fibrosis associated with healing has led to a stenosis of the colon. 

4 In cases of perforative peritonitis, the ascending colon should be 
' m after the common sites have been excluded. 

6X “ In „ a ‘ s gangrene or cellulitis of the right flank, perforating ulcer 

of the proximal colon should be suspected. 
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(Pffrm ft" H' f t \>rn of A »->, 

T /n; firobUttn of convulsions hr spasms associated . 

h out: f bat n, presenting itself with increase zreccyncy. 
Attention wac not called to if. until 1927.. and since then nest oz its 
report <> concerning it have come from England, although a tvw Kt;Te 
been intuit; 'hi till--, count ry . 1 ' 1 ' 1 It would seem that the condition has 
been recognized by l>ul. fey,*. It seems important that tee subject 
tliuniltl iw j ii't'iU'iift'il again, as was done in 1933 by .Sears.'' in the hope 
that a solution tuny he arrived at. The problem of convulsion* and 
spasms associated with general anesthesia has been studied to some 
extent from an experimental point of view. 20 ' 22 

( am impressed with the need for a solution of the problem and for 
a general warning to all to keep the condition in mind, so that it maj 
he recognized early and treatment given in order to reduce, if possible, 
the number of I'alrdiliea, 'fable | shows a mortality of 18.9 per cent 
in til e mint'll already reported, My interest lias been stimulated, be- 
eH use I recently have been linked to express an opinion as to the cause 
of death in eerlain canon in whieh convulsions have been associated 
will) general anesthesia in several different states in the Middle West 
ditrine the hint year. Three of the reports that have been sent to me 
arc included in the table, an well an reports of four eases observed by 
llU (\ m y asanciales in a period of years. Six other cases also have 
been brought to my attention. In the literature, 137 additional cases 
have been found. Them* casen all fall into 1 he category known as eon- 
vulnioan associated with general anesthesia; they originally were re- 
. I “(i|)icr eoiiviilaiona." fn the literature and in my own ex- 
* )0 •, flu-re arc casea in which the patient was known to have,- 1 
Tfoimd later to have had, epilepsy. It may be that in some cases, 
or wa.i o pointed out, the condition reported as “ether 

will. Ilea. stroke." « 

Los atl rihufahle to ethyl chloride. 2 * Usually, there should 
numclc H||| '• . ()Jv in (.(.(-ognizing the epileptic seizure, 2 ' 1 ' 27 as the fit 
1)0 \W { * ( 1 * r -| fJ violrnl. 1 i*t in) if* spasm nnc 1 usually subsides with 

> 'V| ( .| 0)1 ; ( . spasms, espeeiall.v if the severity of the fit 
a aeries "I iso a .n-tlier adniinislrnliou of (lie anesthetic. At 

darn not prrvrt't. 

Ml Mil-H' 


mm 
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times, the anesthetization may be begun again after the first fit is over, 
and the patient may be anesthetized before another one appeal’s. 

Obviously, clonus associated with general anesthesia should not be 
confused with convulsions associated with general anesthesia. 20, 2S ' 40 
Clonus usually can be corrected by changing the posture of the patient. 
No doubt there are other effective methods of treatment ; for example, 
in one ease I administered carbon dioxide, 5 per cent, and oxygen, 95 
per cent, for five minutes, and the clonus disappeared and did not 
return. 


I have previously reported a ease in which spasm of the diaphragm 
occurred while the patient was under general anesthesia. 11 The clini- 
cal picture in this case was different from that of convulsions. The 
bacteriologic findings of Rosenow 41 in this case, which were carried 
out at the suggestion of Tovell, 41 led to a similar investigation of 
cases of generalized convulsions. 

fbe characteristic severe convulsion associated with general anes- 
thesia, to which I wish to call attention, usually begins with twitchings 
m the face; it spreads to other pai-ts of the body with increasing 
violence, and may continue on for hours unless treated. Woolmer and 
iaylor, 4 - who reported four cases in 1936, said: “The patient is a 
child or young adult with pyrexia, usually due to some acute septic 
condition. The theater is overheated. Atropine has been given, and 
the dose may have been excessive. The patient is deeply anesthetized 
vith ether, the pupils being dilated and inactive to light. The color 
is, as a rule, good, and oxygenated ether is sometimes being given. 
1 he eyelids start to twitch, then the face, and the convulsions become 
general. In the immediately fatal cases, after five 1o ten minutes of 
•emulsions, the respiration ceases, the patient goes blue, and the heart 
st ops ; in other eases, the convulsions stop, but the patient dies later 
from cardiac failure; alternatively, recovery may follow the cessation 
of the convulsions.” 

Iho type of muscular seizure that is progressive and that is not of 
* l0,( < *' lrnt ’ 0 i' may or may not he dangerous. The etiology may not 
>c Known, but m any event it seems to me that the important factors 
' U< : . ^ convulsions probably can be controlled by the use of 
larbit urates intravenously; and (2) the most dangerous eases are 
t lose in which there is profound toxemia, and, therefore, in selecting 
j "■ anesthetic for such eases, it might he better to use spinal. 40 infiltrm 
i<m. «« i anesthesia, a barbiturate intravenously, or avert in to 
msnl anesthesia, than to use an inhalation anesthetic onlv 
some cases of severe convulsions, the use of sodium amvt-,1 or 
sodium might 1, preferred to the use of 
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or pentotlial sodium because of the prolonged effect of the former, 
but if. either cvipnl sodium or pentotlial sodium is used and is not 
fully effective, it could be followed by the administration of sodium 
amytal or pentobarbital sodium. 

Of the dangerous type of convulsions there are two, namely, those 
with severe symptoms and those with mild symptoms. The outcome 
in these cases reminds me of the outcome that can be expected in eases 
of tetanus, in which the prognosis is favorable if mild convulsions come 
on late and unfavorable if violent convulsions occur early. The con- 
vulsions associated witli general anesthesia, however, are not to be 
confused with those of tetanus, but it is significant that the convul- 
sions of tetanus can be controlled with the powerful barbiturates even 
in a fatal ease and also with avertin which, so far as I know, 3ms not 
been used in the treatment of convulsions associated with general 
anesthesia. Preoperative medication or basal anesthesia with the 
barbiturates or avertin might be used in eases of severe toxemia when 
it is necessary to use inhalation anesthetics. 


The appended table reflects the value and character of the literature 
on the subject of convulsions associated with general anesthesia. Un- 
fortunately, too few details are presented in the reports of cases ; there- 
fore, considerable confusion must exist in the mind of anyone who 
attempts to arrive at a decision in regard to the etiologic factors 
involved. When an overdose of a local anesthetic enters the blood 
stream, it may act systemieally as a eonvulsant. When an author feels 
that a convulsion associated with local anesthesia is identical with 
the convulsion associated with general anesthesia, it only adds to the 
confusion that already exists.- 14 I feel that convulsions which are 
associated with local anesthesia should not as yet be considered to be 


the same as those associated with general anesthesia, although we may 
come to consider them to be. Some authors have felt that heat of 
summer was a causative factor, but it will be noted that such convul- 
sions have occurred in the spring, fall, and winter, as well as in the 
summer, and that many authors do not give the information as to the 
time of year in which this untoward reaction developed. 

The thirty-three various causes or significant factors involved in the 

0 v convulsions associated with general anesthesia which have 

f'° n mentioned in the literature are: toxemia and septicemia. 1 - ,9 - 4 '"' r 

bSe excessive amount of carbon dioxide in the system, 68 - 62 impurities 

an r ti c3 - cs impurities in the oxygen. 60 trauma, 13 deep nnes- 

in . ® ,« 3 ,t° -M hypoglycemia, °- lu - 10 - 73 method af anesthetiza- 

thesm, • ' nervous system, 34 - 4S overdosage of atropine.* 1 

lien . 76 ' 80 instability otnenou . ... „. 


tion,‘ c ' 1!1S a _ s;" a lkalosis, s - 2<l - 83 overbrent hing , 31 idiosyncrasy,* cere- 
eerebral anemia, ‘ 0 f ea lcinni metabolism, 14 - 84 ketosis,*-' 

bral . accident,- distux - 
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heat/* 2 ’ C5, s °- 88 youth, 47 * 52> 50 use of oxygen, 34, S9 anoxemia, 5, 00 latent 
tendency to fits, 43, 91 changes in the blood, 73 overoxygenation, 91 sex 
susceptibility, 02 increased vascularity of brain cortex, 92 - 93 concentrated 
ether, 60 deficiency of carbon dioxide, 83 lightness of anesthesia, 43 hyper- 
ventilation, 94 anaphylactic edema, 17 hydration of protein particles in 
the plasma, 95 and fits produced by eonvulsant poisons (fits caused by 
nitrous oxide and curare are respiratoiy fits). 90 There are authors 
who just as definitely state that the convulsions are not caused by an 
excess of oxygen, 54, 97 deep anesthesia, 97 excessive dose of atropine, 93 
idiosyncrasy, 54 the use of oxygen, 99 or an excessive amount of carbon 
dioxide. 100 Rosenow and Tovell 41 suggested that the condition is at- 
tributable to a neurotoxin or poison produced by streptococci in 
amounts insufficient to cause spasms in the absence of anesthesia, but 
which in the course of general anesthesia suffice to incite the muscu- 
lar spasms characteristic of this condition. 


It will be obvious that the confusion which exists in the literature 
should be only temporary. It must be possible to arrive at a decision 
as to the cause of this condition. In 1932, Blomfield 101 recpiested “in- 
formation which may lead to the explanation of their occurrence and 
so to their prevention.” He asked that reports of convulsions during 
ether anesthesia be sent to him. If his suggestion had been followed, 
more rapid progress in the solution of this problem might have been 
('fleeted. As has been said before, howevei', the important tiling in 
medicine has always been to know how to treat a condition, l’egardless 
of whether its etiology is understood ; in time, the former phase of the 
problem also will be mastered. 


Since the patients have been children in at least 53 per cent of the 
(ases in which the age was given, it would seem that this might be 
explained on the basis that children go into convulsions much more 
easih than do adults; 0,75 if so. the essential etiologie factor is not 
outh.m. j nm impressed with the woi’k of Rosenow and Tovell, and 
f< el that they have offered the most convincing explanation of the 
> imsc of convulsions in the cases which have been studied at the clinic. 

os) of the other explanations in the literature have been personal 
opinions. However, I wish to call this condition to the attention of 
new who directly or indirectly have to do with the administration of 
•in. ^ ictie agents, to suggest a more careful choice of preliminarv 
.I™ mid anesthetic agents, and to suggest the administration 
sn u i e mrbit urate intravenously for symptomatic treatment and 
- , lie control of the convulsions so that this or additional e t „ ’ 

"" <" '-1- c- . 

m '" v <-,,ln monIy than has been realized. 
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in an artery into a false sac or tissue space and thence through an- 
other abnormal opening into the venous system. 

This unique circulation of the blood through the spleen suggests, as 
Moore 5 points out, that the spleen is a large but modified blood ves- 
sel, subject to the same constrictions and relaxations of blood vessels 
elsewhere. Indeed the smooth muscle of the spleen appears to be 
under the same sympathetic control as the blood vessels of the splanch- 
nic field. The spleen is markedly contracted in asphyxia, exercise, 
hemorrhage, and in emotional excitement, all of which are conditions 
associated with a constriction of the splanchnic vessels in general. 
Stimulation of the sympathetic nerves which run along the splenic 
vessels causes an immediate contraction of the musculature of the 
spleen, resulting in an abrupt diminution in splenic volume coincident 
with the sudden discharge of its corpuscle-laden blood into the circu- 
lation (Izquierdo and Cannon 0 ). 

Inasmuch as the blood lying within the spleen is twice as rich in 
erythrocytes as blood elsewhere in the body (Scheunert and Krzy- 
wanek 7 ), and 50 per cent richer in hemoglobin than ordinary blood 
(Barcroft and Poole 8 ), the discharge of this concentrated blood into 
the general circulation causes an increase in the number of circulating 
red blood cells. As the spleen can contain as much as eleven times 
its own weight in blood, it is evident that the circulatory blood may 
be greatly augmented from the spleen, by as much as 20 per cent of 
its normal volume. 

Numerous experiments have been devised to demonstrate this phe- 
nomenon of increasing the blood volume from the splenic storehouse. 
Adrenalin in small amounts causes the spleen to contract and to in- 
crease the number of circulating red blood cells. After denervation 
of the spleen to prevent the sympathetic effect, this increase in red 
blood cells does not occur. 

In shock produced by the crushing of thigh muscles, by crushing 
( >t the testicles, by hemorrhage, or by laparotomy, the spleen was 
found to be small, firm, dry, and intensely constricted, a response, no 
doubt, to the demand for more blood in the face of the greatly dimin- 
ished circulating blood volume so characteristic in states of shock. 

' claims that all factors which tend to raise blood pressure 
lend to augment or dilate the spleen, whereas all fact ora resulting in 
hypotension produce a contraction, lie states that the introduction 
"f Binger’s solution in a normal animal does not raise blood pressure, 
whereas in animals deprived of their spleens it does. lie also states 
that by exteriorizing the spleen, and denervating it to abolish reflexes, 
the contraction of the spleen will raise the general blood pressure 15 
t" 20 »im. Ilg. 

Barcroft ’s ami .Stephens’ 10 ingenious experiments were the first to 
demonstrate the remarkable reduction in the size of the spleen follow- 



THE SIGNIFICANCE OF TEMPORARY ELEVATION OF BLOOD 
PRESSURE FOLLOWING SPLENECTOMY, WITH PARTICU- 
LAR REFERENCE TO THE ROLE OF THE SPLEEN AS 
A REGULATOR OF THE CIRCULATION 

Emile Holman, M.D., San Francisco, Calif. 

( From the Department of Surgery, Stanford University Medical School) 


T HE function of the spleen as a reservoir of Wood, first suggested 
by Gray 1 in 1854, has only recently been thoroughly appreciated 
and definitely demonstrated in the interesting observations by Bar- 
croft 2 and his associates. “It (the spleen) has a function entirely in 
conformity with its muscular structure, being in fact a reservoir of 
corpuscles, at once fitted by its reticulum to detain them, and by its 
musculature to expel them when required to do so” (Barcroft). 

The anatomic structure of the spleen is peculiarly adapted to storing 
blood. As Robinson 3 ’ * points out, the spleen is essentially a vast 
spongy network of pulp cells, surrounded by a capsule, and sup- 
ported by a trabecular framework. These trabeculae, which contain 
smooth muscle and fibrous and elastic tissue, are attached to the cap- 
sule on the one hand, and to the walls of the vein on the other. 
Obviously, on contraction of the smooth muscle, there will be compres- 
sion of the pulp tissue and distention of the veins. This fact is of 
particular significance when considered in connection with the abso- 
lutely unique and peculiar arrangement of the circulation of blood 
through this organ. According to Robinson, the terminal arterioles 
of each splenic lobule open out, instead of joining capillaries leading 
to veins, and discharge their contents directly into the spaces afforded 
bv the spongy network of pulp cells. The venous system begins in a 
plexus of richly anastomosing sinuses found everywhere between the 
pulp cords in the peripheral portion of the lobule. The walls of the 
finer veins are incomplete, having slitlike stomata communicating 
freelv with the pulp spaces. The circulation of the spleen is therefore 
' “open” one. The blood flows out of the circulatory bed into 
.mces presumably against a lesser resistance than that met 
1 cSattag blood id tUc capillar,- bod claoa-boro i„ the body. 

DJ option of the smooth muscle lying in the trabeculae, these 

By . C0 "l‘rs are compressed, and the contained blood is forced through 
pulp spa < 0 £ f ], e ve i ns into the venous channels and thence 

the fenes ra e< • . g ueIi an arrangement is quite comparable to a 

into the cncu . • , blood passes from an abnormal opening 

varicose aneurysm, m 

-^,,0 
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portant and the effects upon the circulation more pronounced when 
the spleen is twenty to forty times its normal size. Equally more im- 
portant under such conditions is the close resemblance of the peculiar 
anatomic arrangement of the splenic circulation to that of a large 
varicose aneurysm. This is brought out most clearly by a study of 
the blood pressure following splenectomy. Theoretically, the removal 
of a large spleen should produce the same temporary increase in gen- 
eral blood pressure as does the elimination of a large arteriovenous 



n ,i lllonst ration of portal v.-srii;. follow ini: IntroOmtlon of npntjtii 1 sub-' 
III]..... '¥ ,, \v°r nwncntorfc vessels of a <log. The port'll vein was ligatc<| ;it the 
In t i,«r. ,ii , v, ’ r month? previously, one month after embedding of the spleen 

hv n ;!, r' n , lni, l "nil at S. The por*nI circulation reached the general circulation 
v lif ^ mv through the splenic vein, through the spleen anti Into the 

x **« v«.i» i« "hitoniinnl wall. Note large Intercostal vessels. I. anil large hvpngristrir 
1 ^^nmmleatlng with the vessels of the embedded spleen. 


• "iiununiciition (Holman and Kolls. 1 * and Ilnlman 1 ') (Fig. ]). Care- 
ful observations indicate that when splenectomy is performed ns a 
phjsiologie experiment without loss of blood and without operative 
tiwumn. such a rise in blood pressure does occur. In such a pbvsio- 
"gte experiment, tbe l*lon«l in the spleen itself is conserved bv ligating 
10 aH " r - V nrst ‘ fallowed by ligation of the vein. Adhesions between 
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ing hemorrhage and during exercise. In eats which have a very mus- 
cular spleen, it was estimated that one-sixth of the total circulating 
blood volume, and one-third of the total number of red corpuscles 
could be expelled from the spleen. It was inferred, therefore, that 
“were an organism presented with an issue which made its life depend 
on the amount of hemoglobin it could produce, a splenectomized ani- 
mal should die, when an animal possessed of a spleen should survive.” 


rresiurc HfS - 



Kir.n /1 nr os*; ii i c following excision of large femoral arterio- 
Tpio- i.— Fluctuations In (1 bl $ a unit i on . Xot o' great increase in diastolic pressure 
venous fistula of twenty -A Vnd subsequent permanent elevation to a higher 
immediately after oP'^rctea • , ol ,,, to an Incrcnjwl l-loo-l 


SS aKor nod f .noroA^ l,i™.l 

tT first elevation " te ^7em frflowlw the excision of the Cstuln. 
ms the f cn %7'„Ts nUrllmte'rto the elimination fro,,, the circulatory 
decreased peArher,,. resistance. 


IHUll » t'lMlim 

tula, and the per- 
tory system of an 


urea of ueerca**- ^ * 

, f cnleiiectoiiiized guinea pigs placed in an atmosphere 

The early death of of tl)is view (Knimbhnar”). 

of coal gas P ,0 ' e j n f W i to indicate the remarkably intimate rela- 
Enough has eeit 1 _ ^ 1)(l . u . s j n ordinary existence to tbe circuln- 
•tionship Cie r * ]at j 01is liip is probably correspondingly more ini- 
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CASE HISTORIES 

Case 1. — J. B., a laborer, thirty years old, was admitted to Lakeside Hospital, 
Cleveland, July 25, 1925, following a fall from a third floor scaffolding to the 
basement below. When first seen an hour after the accident, the patient was con- 
scious, with numerous lacerations and abrasions of the face, a fracture of the 
bridge of the nose, and large bruised areas of the skin over the lower left thorax 
and the left iliac crest. There was abdominal tenderness on the left on percussion, 
with spasticity, but without rigidity. Two hours later the tenderness and spasticity 
were greatly increased. There was a striking pallor with a pulse, however, of only 



Im.-* on ot s >' fl tolic and diastolic pressures in the first five da vs follow- 

rxrtshm ,.r n Z r ™ ptur0,t spleen. Note resemblance to the pressure curves following 
u Um ot arteriovenous nstula (Pip. l>. 


■' U1 exploration was immediately undertaken for a probable ruptured hollow 
n cu«, but instead a badly lacerated bleeding spleen was found nnd removed, to- 
g’ t iPr with n large amount of free blood. During the operation the patient re- 
rtnod about 2, 500 e,e. by bypodcrmoclysis, but a transfusion did not seem indicated. 
11 ” nr! ' ol *t ful recovery followed. Tlic spleen weighed 100 gin. 

^ m striking feature of this patient was the behavior of the blond pressure fol 
'i.mg t ic splenectomy (Fig. .1). Since this observation, all caves requiring re 
,n '’rtd Of the spleen were similarly studied. 

comnlni ' T- ' twenty-two years, entered Lane 1l»*pitn1 A]iril <t, lp;,n 

-paining of vomiting ami passing blood, nnd weakness. He had been we); 
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the spleen and surrounding structures are divided by sharp dissection. 
Tearing such adhesions invariably leads to rupture of the splenic cap- 
sule with massive hemorrhage from the spleen, or, more frequently, 
large venous sinuses leading from the splenic capsule to the posterior 
and lateral abdominal wall, or to the diaphragm, are tom open with 
terrifying bleeding. Occasionally these venous channels are extraordi- 
narily large and numerous, suggesting that in the presence of a con- 
tracted cirrhotic liver they provide a pathway for the blood to flow 
from the poi’tal system into the systemic circulation by a reversal of 
flow through the splenic vein, through the spleen itself, and thence 
into the general circulation. Experimentally such a contingency has 
actually been produced (Holman 14 ) (Pig. 2). 

• The rise in blood pressure during the first few days following 
splenectomy may be attributed to two factors : first, the elimination 
of an area of lessened resistance; and second, to an increase in the 
total volume of circulating blood which presumably has accompanied 
the gradually increasing bulk of spleen. 

The role played by blood volume in the maintenance of a normal 
blood pressure is becoming increasingly better understood. Recent 
studies have shown that total blood volume is increased in hyperthy- 
roidism, 15 possibly in compensation for the peripheral dilatation with 
its resultant fall in diastolic pressure and concomitant increase in 
pulse pressure. Recent observations by Dr. Chang, of the Peiping 
Union Medical College, have demonstrated likewise an increase in 
total blood volume in several clinical cases of aortic insufficiency. Ex- 
perimentally (Holman 10 ) and clinically an increased blood volume has 
been noted in the presence of large fistulas between the peripheral 
vessels. Likewise, in the experimental animal, an increase in blood 
volume lias followed the establishment of large interventricular sep- 
tum defects (Holman and Beck 17 )- Prom these observations, one is 
justified in concluding that any disturbance in tlic hydrodynamics of 
the circulation great enough to interfere with cardiac efficiency as 
hown by a lowered diastolic and systolic pressure is partly compen - 
S \ d for bv an increase in total blood volume. Similarly, the inereas- 
storage capacity of the enlarging spleen would affect blood pres- 
a jj v g rse ]y were it not for a concomitant increase in total Wood 


''lowing observations are presented to demonstrate the b cue- 
• 1 inon the general blood pressure produced by the removal 

;ial l cnlnrge d spleen. As these effects are comparable to those 

; a grMt > excision of a large peripheral fistula, corroborative 

[•oducect 3 -ided that the spleen by virtue of the anatomy of its 
ddence is P r0 ^ ^ cora p a red to a large varicose aneurysm. 
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stomach were closely adherent, and were carefully dissected free. The splenic 
artery was isolated and divided. Immediately, the previously swollen and tense 
spleen became quite flaccid and shrunken in size. The adherent colon was freed 
and the spleen removed without the loss of any blood. The abdomen was closed 
in layers. The behavior of the blood pressure following the operation is recorded 
in Fig. 4. The white cells increased within twenty-four hours to 23,000, and on 
the second postoperative day signs of fluid in the lower left chest were noted. 
Improvement occurred, but on the fourteenth day a fever of 39° C. was noted with 
signs of a probable subphrenic abscess on the left. A portion of the tenth rib was 
resected, and the diaphragm sutured to the parietal pleura by two parallel rows of 


PlK. 



T ""t l !? r i;,/' , of Mamt Pressure following excision of n spleen known 

un Aliy enlarged for many yoars in a young person. 


V >M: sutures, Tin-..,. i . ... 

two rillv . hlU ‘ r ,,n i’nrallel to »„,i between the 

no time «... ,n " 1 !l ,; >rge ,lf thick creamy pus evacuated. At 

"lout!, of' stn'.'Z, lnf,Vtit ’" ° f t,, ° f'dtures gave a pure 

*ol„ti„n and Tll< * nbsecss .unity was treated with Dal; in ‘s 

time. tm ; patpait "is ' nml at the present 

'-'Us namlered |H ‘' ' ' '’'"'harge from the lmspit.,1, ,| iP r0 ,| 

tmte.lwred p n,,,.’"-.,.; hemoglobin was s7 J-r cent. The white cells 

p.:,r..j-, . • • " ,0 •'•I'haa v.eigb.a! ssf, g m .. and showed the u«„al fibrosis „f 


694 


SURGERY 


until fifteen months previously, when he had an attack of nausea and dizziness 
lasting about . fifteen minutes. This was promptly followed by a bowel movement 
containing dark red blood. Two months later he experienced another attack of 
nausea, followed this time by the vomiting of a quart of blood. Treatment for a 
probable peptic ulcer was instituted, and after two weeks in bed iie again seemed 
quite well. Weakness, lassitude, and dyspnea then gradually developed, accompanied 
by a pronounced pallor. Examination revealed an enlarged palpable spleen extend- 
ing. four fingerbreadths below the costal margin and a marked general pallor. A 
hemoglobin of 20 per cent on admission increased to .IS per cent following the 
first transfusion, to 4S per cent following the second transfusion, and to G5 per 


i'lsr. 



„. n „ ) 0 v»rv elevation ot systolic and diastolic pressures 
removal of greatly enlarged spleen of the Gantt type. 


following 


. the third transfusion. The red rolls numbered 2,140.000 on ad 
nt idiom g^ *>500,000 after the first transfusion, to 3,000,000 after the 
ssion, increase* > :;o0,00f» after the third transfusion. The white cells 

»* Tfw. »“»*•”'“ - **. *"-* “"»■ 



opven min'd "S. 

ceding i > - ^ ^ laparotomy revealed a normal sized liver with slight 

On April If, -• > ‘ gallbladder, sfonmeh, and the vi-rern were normal, 
fidence of scarring. ' ‘ swollen and tense. The pancreas and 

hc spleen was gw W cn,nrg * 


TIip fntgilit}' 
mi nut <*3; nmf flu* 


HOLMAN : BLOOD PRESSURE FOLLOWING SPLENECTOMY 


697 


At operation, performed as a physiologic experiment, the very large spleen was 
removed without loss of blood. The liver was small and scarred as in. cirrhosis. 
The operative and postoperative behavior of the blood pressure is recorded in Fig. 6. 
It is noteworthy that immediately after ligation of the splenic pedicle, the systolic 
pressure rose from 102 to 116 mm. Hg and the diastolic from 62 to 72 mm. Hg. 
Within a month following the operation, there occurred marked improvement in 
general well-being, with an increase in hemoglobin from 87 per cent to 115 per 
cent, in red cells from 3,900,000 to 4,800,000, in white cells from 3,000 to 7,000, 
and in platelets from 95,000 to 261,000. The spleen itself weighed 1,730 gm. and 
measured 32 by 17 by 7 cm. Microscopically it showed fibrosis with siderotic 
nodules. The splenic vein showed marked intimal thickening. 



1 C. Marked elevation or systolic and diastolic pressures following removal of 
greatly enlarged spleen of tlio Bantl type In an elderly Chinese. 


<- ask f». S. 11., a Chinese student, nineteen years old, was admitted to Pciping 
-mon Hospital on August 30, 1930, with the complaint of a progressively increasing 
h >, , 0m ' ni '* This mass was discovered by accident three years previously and 

8 f ’ rovrn B '°'niy in size. During this period he had had numerous nit neks of 
>vir lasting several days with morning remissions. There had been no dysentery or 
Lately there had been dyspnea, swelling of the legs at night, and 
mn.hetl Joss of weight. Two uncles nnd n cousin were said to hnve died of the 
same disease. 


1 ItvsicM examination disclosed n. pale emnrmted lad with a large, hard, tense 

of"? 7 ! ^ ' Pfl * Ulf ' h'd'nv the umbilicus. There was a moderate ’demu 

mtmR. rctTsoalnn ‘'l 0 ”' 1 1 ' n '““’" v ' vns l 00 ''*'. ll '<* r«W 100. The red cells 
•, 0,000, the white cells, 2,500, nnd the hemoglobin, 20 per rent. The 
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Case 3. — H. K., a married ■woman, aged twenty-seven years, entered Stanford 
Hospital September 19, 1928, with a complaint of increasing weakness, anemia, and 
an abdominal tumor. When seventeen years of age, in the course of a routine 
examination by a college doctor, she was found to have a large spleen approximately 
one-third its present .size. At the time she was very active athletically, despite a 
marked pallor. She had been subject since the ago of ten to attacks of “bilious- 
ness" characterized by vomiting, dizziness, headaches, and loss of appetite for 
several days, relieved by doses of calomel. Jaundice had been absent until last Mnj, 
when she became quite yellow, and the conjunctivae were yellow-tinged thereafter. 
Menstruation had been regular and not excessive. There had been no dyspnea, 
but she tired easily, and her knees appeared very weak. The general physical ex- 
amination was normal except for a marked pallor of her skin, yellowish-tinged 
sclerae, and the presence of a largo smooth mass in the left abdomen, emerging 
from below the left costal margin and extending downward to the iliac crest and 
medially to the umbilicus. The liver edge could just bo felt. 

Laboratory examinations on admission revealed a negative Wassermann reaction, 
a normal urine, a hemoglobin of GO per cent, a red cell count of 2,620,000, and a 
white cell count of 9,150. The bleeding and coagulation time were normal, the 
fragility of the red cells was normal, but there was extensive anicytosis, poly 
chromasia, and poikilocytosis. 

On September 21, 192S, a laparotomy was performed through a left rectus in- 
cision. The liver was smooth, normal in size, and presented no evidence of fibrosis. 
The gallbladder was thickened and contained numerous small stones. The artery o 
the greatly enlarged spleen was exposed and ligated first, followed hy ligation o 
the vein. During the removal of the spleen, little blood was lost, and the blood 
pressure became elevated instead of depressed. 

The day following the operation, the patient's color was pink as contrasted with 
the Jasty pallor previous to operation, and a certain heaviness in her limbs winch 
had been present for years, had disappeared. Convalescence was uneventfuk Tim 
behavior of the blood pressure after operation is recorded m Dig. 5. On Octoto 
, the red cells numbered 3,980,000, the white cells, 12,000, and hemoglobin, 7- 
4 ' 1 put The microscopic examination of the spleen showed a marked perivascular 
fibrosis of the malpighian bodies, with hematogenous pigmentation and calcification 
fli the new hyaline Obrous tissue. The lesions in the malpighian bodies probablj 
started as perivascular hemorrhages. 

„ a q w C a Chinese merchant, aged forty-five years, was admitted to 
CASE ' . ’ T r ' it ai September 2, 1930, complaining of weakness of throe years 

,„«k. of JranK.y «t till «8C o< eighteen, mncteon »nJ 

characterized 1>> three ^ ^ Bttochl of high fever at f.ftcen, eghteen, 

twenty years P > s of The slowly increasing mass in the ftb- 

twenty-four and forty t0 I n 0 and aside from the fooling of fullness had 

d0 men was first noted n yw.li 

years ago he noted a gradually increasing 
never given him any ^ bv a Marked loss in weight during recent months, 

weakness on * Uie J)a Uc„t presented a pale, wasted appearance, with- 

On physical ' left abdomen which exten 


left abdomen which extended 12 cm. below the 
out jaundice. The as- ppleon. The liver was not felt. Laboratory oxamr 

costal margin was un 0 c0 ‘ unt P of n,4S0,000; the white cells numbered 3,000, o 
nations revealed a red , et per cent, lymphocytes; 5 per cent, large 

which 05 per cent were P - c0 « ;iir} pir.lcs. The bleeding time was two minutes, 
mononuclears; and 0 P" ^ ' „ !e ab?e .ncc of Leise.I.mnn D.movn.. hod.es; la 

Two splenic f U “'""^„ 3 oraof nscaris; and the Wassermann reaction was neg. 

tivo. 
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portal vein was postulated to explain the picture of extreme sepsis that developed, 
and in spite of multiple transfusions, the patient died on December S, three months 
after splenectomy. 

Case 6. — W. F. S., aged thirty-six years, entered Lane Hospital March 5, 1932, 
because of hematemesis and tarry stools three days previously. A past history of 
indigestion for seven to eight years characterized by gas and pain under the 
sternum at first suggested the possibility of a bleeding duodenal ulcer, but a large 
palpable spleen, together with a leucopenia of 4,960, a red cell count of 3,420,000, 
and a hemoglobin of 4S per cent suggested the diagnosis of a splenic anemia. The 
Wassermann reaction was negative. Two preoperative blood transfusions increased 
the hemoglobin to GO per cent. A roentgen rai r examination of the stomach, partial- 
ly distended with gas, revealed extraordinarily large veins at the cardia (Fig. 8), 
and an esophagoscopy disclosed large varices in the esophagus just above the 
diaphragm which were undoubtedly responsible for the hematemesis. 



in. fi. Demonstration of lurjte esophageal varices at the eardla of the stomach which 
ns been Inflated with gas by the administration of a Seldiitz powder. 


” •' l ' !lri 'h 22, a laparotomy was pel formed under spinal anesthesia. Oil opening 
*" 11 l,,,,in,t ' n . large distended veins were noted in the fnl.-iform ligament, and 1 
"a to tin; left of the umbilicus, a rosette of large veins hung front the anterior 
"a entered only by peritoneum, undoubtedly the first stage in the development 
'* ' 'Put medusae.” A remarkable mass of dilated enlarged veins surrounded 

_ '-‘rdm, some being lbi cm. in diameter. Home of these veins lay on the 

^rfmr, hut others dipped directly into the stomach wall, lying within and belotv 
j ""'“'“hir coats. The undersurface of the diaphragm was crossed by numerous 
Md " llS ' n ' ; ' rc ‘ '* 'cms. The liver surface was very irregular, suggestive of cou- 
th '] ' spleen was remoted in the u-nal bloodless manner, 

•nt ' t '"' '"Duous lular veins making the procedure somewhat diilieolt. The 
t ' 11,1 hgated first, tolluwed by ligation r>f the veins. 

"■’"''‘'bate recovery was uneventful am! characterized t|„. usual increase 

•do- .!'■ in Fig. !>. On the sixth po-to|c- n u ive day. however. 

1- hat complained of some epigastric distress, rolieva-1 by cnematn. Uv the 
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bleeding time was six and one-half minutes, and the coagulation time twelve minutes. 
His platelets numbered (12,000. No Leisclunnn-Donovnn bodies were found in the 
spleen, but the stools contained hookworm ova. 

A roentgenogram of the chest revealed evidence of tuberculosis of the lung root 
and adjacent parenchyma on the right side. During his stay in the hospital several 
attacks of epistaxls occurred, and an appreciable increase in the size of the spleen 
was noted. 

On September 10, 1930, a splenectomy was performed. The liver was cirrhotic 
and small, its edge lying well above the costal margin. The spleen was large 
and soft. The arteries were ligated first, permitting partial emptying of the spleen 
before division of tbe vein. It was noted that the undersurface of the left dia- 
phragm was covered with many large veins. The blood pressure showed the usual 
rise following division of the vessels, and at the end of the operation, it had risen 
from 100/10 to 120/70 (Fig. 7). 



The spleen weighed 1,642 gm.. and measured IS by 1C, by Mi cm. Microscopical 
] it showed fibrosis and siderotic nodules, with also a marked thickening of the 

jntima of the splenic vein. 

Followin'- operation, there developed a high fever, first ascribed to a localized 
x 0 . rr an Me of the abdominal wound. This was drained without re 

abscess 0 ie , r< !1T uf on October 17, a siibdisijdirngnmtn- absci ss was drained by 
lief from t 10 ■' tenth rib. A pericarditis followed this procedure, and 

resecting a r" “ n ,. lllllir „ vieided manv colonies of 

ti Iso ft F*^ u ‘ Q n govern] M'r c.<\ of Pt raw coloml fluitf wi *r<* rr* 

SiaphyloC-OCC 11 * ourrif. ^ cavity, whirh was* greatly i!i“t<*n»|et! nith fluid. n.- 
moved from the a.» °"" ! nn ,j legs. A «ept ic thrombophlebitis of the 

-vise the tissues of the 
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tag of blood occurred seventeen times in two days. This left him weak and 
pale. There had never been any abnormal bleeding following wounds, and there 
was no history of purpura or jaundice. Encephalitis at the age of six had left 
him somewhat dull-witted. 


Piiysical examination was normal, except for an obvious mental retardation and 
a large spleen reaching to the level of the iliac crest. Bed cells numbered 2,600,000, 
white cells, 2,650, and the hemoglobin was 43 per cent (Sahli). The urine was 
normal. 


On September 2, a splenectomy was performed with considerable difficulty but 
without loss of blood and, therefore, without shock. The transverse colon was 
attached to the lower border of the spleen, with huge thick-walled veins running 
directly front the spleen into the wall of the bowel. Similarly, very large veins 
lay in the gastrosplenic mesentery. Superiorly, the spleen was strongly adherent 
to the diaphragm, and many large vessels running from spleen to diaphragm 
required ligation. 



n markoii' ,p xc 'slon of tarse spleen in a yountr eighteen -year-old male Is followed by 
ninnrnf of systolic and diastolic pressures and slight per- 

son of nr-eji,'?!, 0 P diastolic pressure, tills belnc exactly comparable to the oleva- 
i cssuros follow ini: excision of a lame arteriovenous fistula. 


difT r!' "'" " Clf:1 ' C<! 1 "’° pounds, and microscopically it showed a moderate 
( ” 1 ° 1 ,ro ” s thickening of the supporting reticulum, moderately infiltrated with 

t0P * A FC<:tlon of hver also showed the periportal areas infiltrated bv 
oi 1 rate numbers of lymphocytes. Two hours utter completion of the operation 
Per r num,,crc<1 d, 610,000, the white cells, 15,450, and hemoglobin was 62 
^ 7 <lur <la y s loter the red colls numbered 4,550,000, the white cells, 11.100, 

l,w/ 0m ° K ' O ' ,ln V,; ’ s 73 P cr rcnt - T1| e patient made an uneventful recoverv. The 
pressure readings are recorded in Fig. 10. 


SUMMARY 

Heient studios attribute important functions to tiic spleen as a rcser- 
'"ii or blood and us a regulator of circulation. The. “open” cimiln- 
*’ tl "’ • SI,,,M ‘ n is uititiue in the body and lends itself admirably to 
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ninth day it was noted that the moderate distention previously relieved by enemata 
was no longer so controlled. Vomiting occurred for the first time, and active 
peristaltic waves were visible over the abdomen at regular intervals. A diagnosis 
of intestinal obstruction was made, which was confirmed by laparotomy under 
spinal anesthesia. A loop of small bowel had become firmly adherent to a mass 
of thrombosed veins lying in the abdominal wall just to the left of the umbilicus. 
At the first operation, those veins had been markedly dilated and tortuous, and 
were thought to be a beginning "caput medusae. ” A gradual occlusion of the 
adherent small bowel had occurred by a twisting and partial volvulus of the 
involved loop. 



cipvnflon of blood pressure following excision of large spleen of 
fig. 0. — type. Note labile pressure during the net of vomiting. 


. eventful recovery followed with a rapid improvement in the Hood picture. 
A " u " ,rnn slichtlv over a month after his discharge from the hospital, the 
ml Mils numbered 5,110,000, the white cells, 1-1,000, and the hemoglobin, 71 per 
cent ^he felt very well. 

p T a youn" man, aged eighteen years, entered Stanford Hospital, 
CASE oo 1030 for splenectomy. Ho was known to have had ft large spleen for 
August 23, i-e I vcaM ago there occurred without warning severe hcma- 

about five years. 1 ' , r phiu three days. There were no further difficulties 

temesis on nine eccasu j l(W „femrsi 5 again occurred on five occasion* in 

until f« ur montllS „ WBS symptom-free until one month ngo, wle-n vomit- 

twenty-four hours. Aga.n - 


THE EFFECT OF SPLENECTOMY ON THE NUMBER OF 
ERYTHROCYTES AND LEUCOCYTES IN THE PERIPHERAL 
BLOOD OF RATS AND RABBITS UNDER ETHER AND 
SODIUM AMYTAL ANESTHESIA 

George M. Higgins, Ph.D., Division of Experimental Medicine, and 
Warren C. Corwin, M.D., Fellow in Experimental Surgery, 
Rochester, Minn. 

(From { he Mayo Foundation) 

N ARCOSIS has been shown to cause certain changes in the concen- 
tration of the cytologic constituents of the peripheral blood. Sey- 
derhclm and Homann (1923) described a lcucocytosis in rabbits which 
bad been narcotized with ether, chloroform, morphine, and other drugs. 
Since that time other investigators have noted that ether narcosis pro- 
duced a lcucocytosis in laboratory animals other than rabbits, as well 
as in man. It has been suggested that this is not attributable to ether, 
per se, but to emotional excitement which accompanies the induction 
of anesthesia and forces into circulation large numbers of leucocytes 
which have been temporarily immobilized elsewhere in the body. Garrcy 
and Butler found, moreover, that when animals were first narcotized 
with nmytal and the narcosis maintained with ether, neither excitation 
nor lcucocytosis occurred. Adrenalin causes a marked lymphocytosis 
and neutrophilia in the peripheral blood, which persist for varying 
periods of time, depending on the amount of the drug administered. 
This lcucocytosis is thought to result from a contraction of the vessels 
of the entire vascular system, which effects a redistribution and a 
liberation of corpuscles normally sequestered in such organs as the 
liver, lungs, and spleen. 3 

Deuel, Chambers, and Milliorat (192G), and Nye and Bari’s (1932) 
noted that sodium amytal anesthesia resulted in a considerable loss 
of body temperature. Nye and Barrs showed that this was accompanied 
l'. v a decrease in the total number of circulating leucocytes. Gold- 
M'heider and Jacob were able to demonstrate, as early as 1S93, that 
lowering of the body temperature resulted in leucopenia. Nye and 
Barrs showed that the maintenance of normal body temperatures of 
animals anesthetized with sodium amytal failed, as a rule, to prevent 
the decrease in the numbers of circulating leucocytes. 

*'carles and Essex studied the changes in the concent rat ion of eryth- 
tocytes in the peripheral blood of does which first were narcotized 
with o ther and then with amytal. They found that when dogs were 
r,- i niiij,- 5. jssc. 

To:; 



702 


SURGERY 


such a function. Such an open circulation is comparable to that of a 
varicose aneurysm, and seven, cases are presented to illustrate that 
the general blood pressure is elevated immediately following the re- 
moval. of a large spleen in much the same way as it is following the 
excision of a large peripheral arteriovenous fistula. The two fact ore 
responsible for the temporary elevation of blood pressure following 
the excision of a varicose aneurysm or arteriovenous fistula are: ( 1 ) 
an increase in peripheral resistance, and (2) distention of the circula- 
tory bed by the volume of blood which has increased in the presence 
of the fistula. It is suggested that the same factors are probably re- 
sponsible for the elevation of blood pressure following splenectomy, 
and that proceeding pari passu with the gradually increasing storage 
capacity of an enlarging spleen, there occurs a gradually increasing 
total blood volume. 

The remarkable concentration of blood following splenectomy, as 
exemplified in Case 7, suggests that this increase in blood volume is 
largely one of dilution, and that the low red cell count and anemia 
accompanying splenomegaly may be due in part to a storage of red 
cells in the greatly enlarged spleen. 
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RESULTS 


The data assembled from our counts of the numbers of erythrocytes 
and leucocytes in the peripheral blood of rats subjected to ether and 
sodium amytal anesthesia before and after the removal of their spleens 
have been condensed into Table I. The comparable data assembled from 
our study of the blood of the rabbits likewise have been tabulated in 
Table II. The figures recorded represent the means of all counts made, 
together with their probable errors. When the differences between 
the mean blood counts of normal animals under ether and under amytal 
anesthesia were computed, it was clear (with the exception of the 
erythrocyte counts of rabbits) that the blood counts of amytalized ani- 
mals were significantly lower than were those of the same animals when 
etherized (Tables I and II). This is in accord with established find- 
ings. 

Table I 


Studv or the Peripheral Blood of Thirty-Five Rats 


thirty-five rats whose spleens were 

INTACT 

TWENTY-THREE RATS WHOSE SPLEENS HAD 
BEEN REMOVED* 

.MEAN* VALUE AND PKOHABLE 
ERROR 

DIFFERENCE 

MEAN VALUE AND PROBABLE 

1 ERROR 

DIFFERENCE 

A ITER 

INDUCTION OF 
etiier 

anesthesia 

AFTER 

INDUCTION OF 
AMYTAL 
ANESTHESIA 


AFTER 

1 INDUCTION OF 
ETHER 
ANESTHESIA 
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etherized there was an increase of 18 per cent in the volume of the 
erythrocytes, an increase of 19 per cent in concentration of hemoglobin, 
and an increase of 15.5 per cent in the total number of erythrocytes 
per cubic millimeter of blood. When the same animals were anesthe- 
tized with sodium amytal, the volume of the erythrocytes was found 
to be reduced on the average by 21 per cent; the concentration of 
hemoglobin was decreased 21 per cent; and the erythrocyte count was 
decreased 19.7 per cent. They further showed that the removal of the 
spleen from these dogs abolished these changes. 

Essex, Seeley, Higgins, and Mann then studied the effect of anesthesia 
on the peripheral blood in a series of dogs, part of which had been 
spleneetomized some time previously. Their results were in accord 
with those of Searles and Essex, and they concluded that ether induced 
a profound constriction of the spleen which forced sequestered cor- 
puscles into the circulation, while sodium amytal induced a dilatation 
of the spleen. Hausner and Essex have shown by roentgenograms that, 
marked changes in the size of the spleen do occur in dogs which have 
been anesthetized with ether or sodium amytal. 

In order to test further the role of the spleen in controlling the con- 
centration of the cytologic constituents of the blood, we have counted 
the total numbers of erythrocytes and leucocytes in the peripheral blood 
of rats and rabbits under ether and sodium amytal anesthesia, before 
and after the removal of the spleen. 


METHOD 

Thirty-five healthy male rats and twelve normal rabbits were used 
in this study. All of the rats were etherized in a glass container, and 
after complete anesthesia had been induced, the right leg was shaved 
and a sample of blood for the total erythrocyte and leucocyte counts 
was withdrawn from the femoral vein. At the same time on the follow- 
in" day, the same animals were given subcutaneously a solution of 
sodium amytal in amounts equal to 75 mg. per kilogram of body weight. 
The dru" was readily absorbed, and as soon as complete anesthesia 
was induced, samples of blood were again taken, this time from the 
left femoral vein, and the erythrocyte and leucocyte counts were made. 

The spleens were then removed from twenty-three of these rats. On 
the first day after splenectomy, and before any evidence of Bartonella 
emia was ' apparent, the animals were anesthetized with ether, and 
. t v four hours later they were anesthetized with sodium amytal. 
The Wood counts were again determined in the same way as they 

were before sple ■ rabbits was exactly the same ns that on the 

ThC r? Z Iw V. lato from .ho vci„ of .ho 

rats, exeep intravenously in doses of 50 nig. per kilogram of 

amytal was gn , < nc 0 f the" rabbits were spleneetomized. 

body weight, umv 
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a significant effect. The mean percentage increase of the number of 
leucocytes in the blood of etherized normal rats over that recorded when 
the same animals were given amytal was 47.90 ± 5.04 per cent. After 
the spleens had been removed, this increase dropped to 28.42 ± 3.57 
per cent. Between these percentages there is a difference of 19.48 ± 6.25, 
and since the difference is more than triple its error, the conclusion is 
indicated that splenectomy induced an effect on the- concentration of 
the leucocytes in the peripheral blood of rats which were subjected to 
tiie two anesthesias. 

Analyzing the data on the blood of rabbits from the standpoint of 
percentage increase in the blood counts of animals under ether over 
the figures obtained when the rabbits were given amytal showed that 
there was no significant difference after the spleen had been removed. 
In other words, removal of the spleens of rabbits failed to alter sig- 
nificantly the differences which occurred between the total number of 
erythrocytes per cubic millimeter or the total number of leucocytes per 
cubic millimeter when the rabbits were under ether anesthesia and under 
sodium amytal anesthesia. 

Thus, when we contrast the blood count of rats which were under 
the influence of these two anesthesias, before and after splenectomy, 
■t seems apparent that splenectomy had little effect on the concentration 
of the erythrocytes, but that it had a marked effect on the concentration 
of (lie leucocytes in the peripheral blood. Differences in the leucocyte 
count under the two anesthesias, which were so apparent when normal 
■ uts were studied, were not so marked after the spleens had been re- 
moved. 

Splenectomy, however, appeared to be without effect on the eonecn- 
f Hit ion of corpuscles in the peripheral blood of rabbits. No significant 
difference was observed between the total erythrocyte counts of either 
normal or splencctomizcd rabbits which were under the influence of 
•he two anesthesias. 'With regard to the total number of leucocytes, 
ve found an even greater difference between the number of leucocytes 
"! 'dood of splencctomizcd rabbits under the two anesthetics than we 
did before we removed the spleens. 


COMMENT 

fhu data show that when rats were anesthetized with sodium amytal, 
|un blood counts were always significantly lower than they were when 
jj* | l l,S Wm !,nps thotized with ether. Coincident with this observation 
is f a fad that the spleen is invariably enlarged in rats which an* 
s °dinm amytal and considerably smaller in these same animals 
s'ho' " " U ’ V u,, dcr the influence of ether, llnusner and Essex have 
• emu, b\ means of roentgenograms, that the spleen of the dog dilates 
' *ui the animal is given sodium amytal, and that it contracts when 
i ' °u t-s under tlie influence of ether. 
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Wlien the spleen was removed and the Wood examined shortly after 
splenectomy, we learned that the difference between the average erythro- 
cyte count, of etherized and amytalizcd rats was nearly as great as it. 
had been before splenectomy (Table I). The removal of the spleen, 
however, had a more marked effect on the concentration of the leu- 
cocytes in the peripheral blood. Before splenectomy, the mean leucocyte 
count under amytal anesthesia was 13,038 per cubic millimeter less than 
it was when the same rats were etherized. After splenectomy, this 
figure dropped to 4,200 (Table I), Tims it follows from a statistical 
analysis of the data that such significant differences as appeared in 
normal l'ats under the two anesthesias were not quite so obvious after 
the spleen had been removed as they were before. Differences, how- 
ever, still maintained. 

We encountered no significant difference in the number of erythro- 
cytes in the peripheral blood of normal rabbits when observed under 
ether anesthesia and under sodium amytal anesthesia (Table IT). After 
the spleen had been removed, these counts remained statistically alike 
when the blood was studied while animals were under each of the two 
anesthetics. To be sure, the total number of erythrocytes was found 
to be less when the rabbits were amytalizcd than it was when they were 
etherized, but the difference was slight, and its probable error was 
great. The number of leucocytes in the blood of normal rabbits was 
significantly less when they were amytalizcd than it was when they 
were etherized, but after removal of their spleens, a significant difference 
still persisted. In fact., after splenectomy we secured an even greater 
discrepancy between the leucocyte count under ether ami that under 
amytal. 

We then computed for each animal the percentage of increase in the 
blood counts induced by ether over those induced by sodium amytal. 
When the mean of these percentages was determined, we found that the 
crvthrocyte count of normal rats which were anesthetized with ether 
was 6.39 ± 0.S0 per cent higher than it was when the same animals 
were anesthetized with sodium amytal. After the spleens line! been 
removed, the erythrocyte count under ether was still 3M4 t 0,94 per 
cent higher than it was under sodium amytal. Thus, the percentage 
increase in the total erythrocyte count of animals under ether over the 
total erythrocyte count found when they were under amytal was less 
after the spleens had been removed than it had been before. The dif- 
ference between these percentage increases, however, computed statis- 
was significant: therefore, we may conclude (fiat (fie re- 
tlCa ] of the spleens was without significant effect on the distribution of 


hroeyles. . . 

wc contrasted the percentage increases in the total number ot 
• f und in the blood of etherized rats over that found in the 
_ es -talized rats, the removal of the spleen appeared t<> have 
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Recently, Svirbely and Bollman have shown that theie a » 
differences in the plasma volume and the hematocrit determinations o 
dogs, first studied under ether and then under sodium amytal anest hem . 
When dogs were etherized, these writers found an increase n 
tocrit value and a decrease in the volume of the circulating pla mm 
Conversely, when the dogs were subjected to so nun am> < , ' 

the hematocrit value, or volume of erythrocytes, eciease con. • ’ 

and the plasma volume increased markedly. T rese o isei , 

a significant hearing on our study. With an increase m P^ma 'dun , 
a dilution in the circulating elements will oeeui, an ius a ' 

total cellular constituents will occur. The increase in P ' a * 
likewise well account for the distended spleen seen in am> - 
nials. When Svirbely and Bollman removed the spleens 1 ' 

same dogs and again determined their hematoei.it \a ue an 
volume under the two anesthesias, they found c iangcs u ” c 
similar to, but less marked than, those which occurred m normals « ■ • 

Our observations on the rat arc in accord with these cone usl ° 
dog and indicate that the spleen plays a part m regu a mg , 

of the concentration of some of the cytologic eonstituen so 
oral blood. 

SUMMARY AND CONCLUSIONS 

Tlie total numbers of erythrocytes and lcucocy tes pci cubic , 

of blood have been determined for white rats and lot 1 ■ 1 1 11 ' • 

to ether and sodium amytal anesthesia, before an a ci 
their spleens. . , , 

With the exception of the number of erythrocytes m rabbits - 

found the blood counts in intact animals significantly lower u 
were under amytal than when they were undei et lei ones 

By the removal of the spleen we have tested the i ok pla> e ). ■' 

organ in the sequestration of both the erythrocytes am ie e • • 

from the blood stream of these animals when they veu su ).ie( 
ether and sodium amytal anesthesia. 

The following conclusions seem indicated: 

1. The removal of the spleens from white nils caused but little 
decrease in the difference between the erythrocyte tounls noiu w " 
normal animals were subjected to llieso two anesthesias " 1 1 \ 
of the spleens from rabbits was without effect on tlu iiumihis " u 
••eeuiTcd in our tabulation of erythrocytes in normal animals under 
the two anesthesias. The spleen is not an important site for the seques- 
tration of the erythrocytes from the peripheral circulation of nils am 
rabbits under sodium amytal anesthesia. 

*2. The removal of the spleens from white rats induced a significant 
tiilnetion in the difference in the number of leucocytes normally eu* 
coUUlo! ed in the peripheral blood of animals under ether and sodium 
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It is a reasonable assumption, therefore, that blood corpuscles may 
be sequestered in the dilated sinuses of the spleen when the animal is 
anesthetized with amytal. This reduces the number of corpuscles per 
cubic millimeter in the peripheral blood. Conversely, the contraction 
of the spleen, when the animal is given ether, may force from this organ 
those corpuscles temporarily isolated and thus elevate the blood count 
in the peripheral blood. Thus, the removal of the spleen from the 
circulation would give some measure of its role in controlling the con- 
centration of corpuscles in the peripheral blood when the animal is 
under these two anesthetics. 

When the spleen was removed from rats the difference between the 
erythrocyte counts under the two anesthesias was only slightly less than 
it was in intact animals before operation. When the data were con- 
trasted from the standpoint of percentage increase in the erythrocyte 
count when the rats were under ether, over and above the erythrocyte 
count when the rats were under sodium amytal, we found that whereas 
the increase was less after the spleen was removed, the difference when 
computed statistically was not significant. 

In the rat, therefore, we concluded that splenectomy was without 
significant effect on the concentration of the erythrocytes in the periph- 
eral blood when the animal was under these two anesthetics. 


With respect to the numbers of leucocytes, the data show that removal 
of the spleen did have a marked effect on their concentration. A dif- 
ference of 13,038 leucocytes per cubic millimeter of blood was recorded 
for noi'mal rats which were under the two anesthetics, and after the 
spleen was removed this difference dropped to 4,200 leucocytes per cubic 
millimeter of blood. When the percentages of increase in the total 
number of leucocytes were computed, we found that the figures were 
significantly less in animals from which the spleens had been removed. 

Our data for the concentration of the corpuscles in the peripheral 
blood of rabbits indicate that in this animal the spleen is not a factor 


in the sequestration of corpuscles during sodium amytal anesthesia. 
With regard to the erythrocytes, there were no significant differences 
between the total counts for animals under the influence of the two 


anesthesias, cither before or after the removal of the spleens. With 
regard to the leucocytes, however, we found a considerable difference 
between the counts before the animals were operated on, lmt an even 
nreater difference after the spleens had been removed. Accordingly, 
splcnectomv was without effect, so that we must look elsewhere than the 
snleen for factors which regulate the concentration of leucocytes in the 
uerinhcral blood of the rabbit. The spleen of the rabbit is. of course, 
v v much smaller in respect to body size than is the spleen of the rat, 

; because of its size, it plays no significant part in 

«' "■ 



709 


HIGGINS AND CORWIN : SPLENECTOMX 

Recently, Svitbcly and Boltaan have shorn that there ave 
differences in the plasma votame and the hematoertt 
dogs, first studied tinder ether and then under sodram amyla! i anestl os . 
When dogs tvere etherized, these ivriters found an tnerease m the he 
toerit value and a deerease in the volume of the e.rculatmg plasma. 
Conversely, when the dogs were 

the hematocrit value, or volume of erjthio » i 

and the plasma volume increased markedly. These o ys&v 
a significant hearing on our study. With an increase m 
a dilution in the circulating elements will occur, and thus a Jcie^e 
total cellular constituents will occur. The increase in p a. 
likewise weU account for the distended spleen seen in ami atol - 
mals. When Svirbely and Bollman removed the spleens fiom ■ tl 
same doss and again determined their hematocrit lane an > - 
volume under the two anesthesias, they found changes 'vhich vere 
similar to, hut less marked than, those which occurred m noi mal am a 
Our observations on the rat are in accord with these cone usions 
dog and indicate that the spleen plays a pait in legu a le " 
of the concentration of some of the cytologic- constituents o ie p 
eral blood. 

SUMMARY AND CONCLUSIONS 

The total numbers of erythrocytes and leucocytes per cubic millimeter 
of blood have been determined for white rats and tor rabbns subjecte 
to ether and sodium amytal anesthesia, before and after remoia o 

their spleens. . , , . . 

With the exception of the number of erythrocytes m rabbits we ha%e 
found the blood counts in intact animals significantly lower when tic. 
were under amytal than when they were undei ether anest iesia. 

By the removal of the spleen we have tested the role played by tins 
organ in the sequestration of both the erytluocites an t ie eucoe.i es 
from the blood stream of these animals when thc\ weie su ijeete o 
ether and sodium amytal anesthesia. 

The following conclusions seem indicated: 

1. The removal of the spleens from white rats caused hut little 
decrease in the difference between the erytliroeite counts non- w len 
normal animals were subjected to these two anesthesias. The letnoyi 
of the spleens from rabbits was without effect on the differences which 
occurred in our tabulation of erythrocytes in normal animals undei 
the two anesthesias. The spleen is not an important site for the seques- 
tration of the erythrocytes from the peripheral circulation of rats and 
rabbits under sodium amytal anesthesia. 

2. The removal of the spleens from white rats induced a significant 
reduction in the difference in the number of leucocytes normally en- 
countered in the peripheral blood of animals under ether and sodium 
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It is a reasonable assumption, therefore, that blood corpuscles may 
be sequestered in the dilated sinuses of the spleen when the animal is 
anesthetized with amytal. This reduces the number of corpuscles per 
cubic millimeter in the peripheral blood. Conversely, the contraction 
of the spleen, when the animal is given ether, may force from this organ 
those corpuscles temporarily isolated and thus elevate the blood count 
in the peripheral blood. Thus, the removal of the spleen from the 
circulation would give some measure of its role in controlling the con- 
centration of corpuscles in the peripheral blood when the animal is 
under these two anesthetics. 

When the spleen was removed from rats the difference between the 
erytlu'ocyte counts under the two anesthesias was only slightly less than 
it was in intact animals before operation. When the data were con- 
trasted from the standpoint of percentage increase in the erythrocyte 
count when the rats were under ether, over and above the erythrocyte 
count when the rats were under sodium amytal, we found that whereas 
the increase was less after the spleen was removed, the difference when 
computed statistically was not significant. 

In the rat, therefore, we concluded that splenectomy was without 
significant effect on the concentration of the erythrocytes in the periph- 
eral blood when the animal was under these two anesthetics. 


With respect to the numbers of leucocytes, the data show that removal 
of the spleen did have a marked effect on their concentration. A dif- 
ference of 13,038 leucocytes per cubic millimeter of blood was recorded 
for normal rats which were under the two anesthetics, and after the 
spleen was removed this difference dropped to 4,200 leucocytes per cubic 
millimeter of blood. When the percentages of increase in the total 
number of leucocytes were computed, we found that the figures were 
significantly less in animals from which the spleens had been removed. 

Our data for the concentration of the corpuscles in the peripheral 


blood of rabbits indicate that in this animal t lie spleen is not a factor 
in the sequestration of corpuscles during sodium amytal anesthesia. 


With regard to the erythrocytes, there were no significant differences 

between the total counts for animals under the influence of flic two 

anesthesias, either before or after the removal of the spleens. With 

regard to the leucocytes, however, wo found a considerable difference 

between the counts before the animals were operated on, but an even 

"renter difference after the spleens had been removed. Accordingly, 

«nlf*nectomv was without effect, so that we must look elsewhere than the 

snleen for factors which regulate the concentration of leucocytes in the 

1 1 1W) nf the rabbit. The spleen of the rabbit is, oi course, 
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■Recently, Svirbely and Bollman have shown that there are significant 
differences in the plasma volume and the hematocrit determinations for 
dogs, first studied under ether and then under sodium amytal anesthesia. 
When dogs were etherized, these writers found an increase in the hema- 
tocrit value and a decrease in the volume of the circulating plasma. 
Conversely, when the dogs were subjected to sodium amytal narcosis 
the hematocrit value, or volume of erythrocytes, decreased considerably, 
and the plasma volume increased markedly. These observations have 
a significant bearing on our study. With an increase in plasma volume, 
a dilution in the circulating elements will occur, and thus a decrease in 
total cellular constituents will occur. The increase in plasma may 
likewise well account for the distended spleen seen in amytalized ani- 
mals. When Svirbely and Bollman removed the spleens from these 
same dogs and again determined their hematocrit value and plasma 
volume under the two anesthesias, they found changes which were 
similar to, but less marked than, those which occurred in normal animals. 
Our observations on the rat are in accord with these conclusions on the 
dog and indicate that the spleen plays a part in regulating the control 
of the concentration of some of the cytologic constituents of the periph- 
eral blood. 


SUMMARY AND CONCLUSIONS 

The total numbers of erythrocytes and leucocytes per cubic millimeter 
°f blood have been determined for white rats and for rabbits subjected 

l ° ether and sodium amytal anesthesia, before and after removal of 
their spleens. 

^ the exception of the number of erythrocytes in rabbits, we have 
°iind the blood counts in intact animals significantly lower when they 
Mete under amytal than when they were under ether anesthesia. 

R.i the removal of the spleen we have tested the role played by this 
mgan in the sequestration of both the erythrocytes and the leucocytes 
|°m the blood stream of these animals when they were subjected to 
ici and sodium amytal anesthesia. 

'J he following conclusions seem indicated ; 

deer ^ - IC ' 1 ‘ em0V{ d of the spleens from white rats caused but little 
‘ ease in the difference between the erythrocyte counts noted when 
^ 01 mal animals were subjected to these two anesthesias. The removal 
l<! s Phens from rabbits was withoul effect on the differences which 
dic'tv^ ° ln ^'^’^‘ilion of erythrocytes in normal animals under 
I ."° ,uu ' s 'hesias. The silicon is not an important site for the seques- 
erythrocytes from the peripheral circulation of rats and 
‘‘as under sodium amytal anesthesia. 

veduof 11 UmaVUt ° f " u: s ]>h‘cns from white rats induced a significant 
’° n i ,!u> ^‘Tvrcnce in tin* number of leucocytes normally cn- 
Uu 1,1 peripheral blood of animals under ether and sodium 
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amytal anesthesia. The removal of the spleens from rabbits did not 
reduce the difference in the total leucocyte counts under similar condi- 
tions. Thus when sodium amytal is employed, the spleen plays an 
important role in the sequestration of leucocytes in rats but not in 
rabbits. 
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BENIGN TUMORS OF THE STOMACH* 


Verne C. Hunt, M.D., Los Angeles, Calif. 


DENIGN tumors of the stomach have been classified by Carli 3 in terms 
of their origin: (1) those originating from epithelium include 
papilloma and adenoma; (2) those originating from connective tissue 
and vascular structures include lipoma, fibroma, myxoma, and angio- 
ma; (3) while those arising from neuromuscular structures are the 
myomas and neuromas. Tumors of the latter group, or those arising 
from muscular structure in the gastric wall, occur with the greatest 
frequency and comprise approximately 60 per cent of all benign tumors 
of the stomach. Those of epithelial origin comprise approximate!} 7 30 
per cent of all benign gastric tumors. In 1925, Eliason and Wright 6 
collected from the literature and analyzed 560 various benign tumors 
of the stomach in which this relative frequency was borne out. Judd 
and Iloerner 8 recently reported 50 cases of benign tumor of the stom- 
ach exclusive of polyposis, cysts, and hypertrophy of the pyloric muscle 
encountered at operation, in which the various tumors of muscular 
origin comprised 72 per cent of the series. 


The incidence of benign tumors of the stomach depends largely upon 
whether it is determined from surgical pathologic material or from 
findings at necropsy. From a surgical viewpoint, the benign tumors 
comprise from approximately 0.5 per cent to 5 per cent of all gastric 
neoplasms, either as the major surgical lesion or as one encountered 
ln *he stomach incident to a surgical procedure for major pathology 
elsewhere in the abdomen. Balfour and Henderson. 1 in 1927, reported 
» lotal of 58 cases of benign tumor of the stomach. These included 
surgical cases previously reported by Eusterman and Sentv," which 
the latter authors stated represented 1.3 per cent of approximately 
—116 gastric neoplasms surgically explored. During the period of 
lime in which these instances of gastric neoplasms were accumulated, 
ion ever, a slightly larger number of cases of malignant neoplasms 
'' eie 110 ' operated upon because of inoperability in the majority, mak- 
n, i- an actual incidence of approximately 0.6 per cent of all gastric 
neoplasms. Also in Eiselsberg’s' Clinic there were only five benign 
in nors among 1,125 gastric neoplasms, an incidence of 0.44 per cent. 

**' c °^' cr hand, Lockwood" has stated that, in a period of seven 
tT-u heuign gastric tumors were examined in the laboratory of 
" arper Hospital, Detroit, during which time 266 cases of malignant 
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gastric tumors were admitted to the hospital, mi incidence of benign 
tumors among gastric neoplasms of 4.3 per cent. Mourn, De Brito, 
and Lopes- 1 have reported 3 benign tumors of the stomach which 
lepreseut 4.1 per cent of a series of 73 gastric neoplasms on the service 
of Pxofessor Brandao-Filho. The majority of the large number of 
benign tumors of the stomach recorded in the literature have been 
found at autopsy and include those which were primarily responsible 
for death as well as those which during life were entirely symptomlcss 
and were found more or less incidentally at necropsy. What the true 
incidence of benign tumors of the stomach actually may he is unknown 
The studies and observations of Rieniets 53 reveal a startlingly high 
incidence when intensive search for them at necropsy is instituted. 
Leiomyomas were found in 16 per cent of the stomachs in each of two 
series of 100 consecutive autopsies. Bigler and Erickson, 24 after in- 
vestigating the records of 6,742 autopsies over a period of four years 
in the Department of Pathology of the University of Minnesota, found 
that there were 187 gastric neoplasms of which 138 were malignant 
tumors and 47 were benign, an incidence of benign tumors of 26 per 
cent of all gastric neoplasms. It is quite apparent that benign tumors 
of the stomach are not uncommon, but those which give rise to clinical 
manifestations of sufficient magnitude to lead to clinical or surgical 
recognition occur with relative infrequency. 


CLINICAL MANIFESTATIONS 


As the large number of instances found at autopsy ami incident to 
other abdominal surgical procedures would indicate, most benign 
tumors of the stomach are symptomless. When symptoms ilo occur, 
they not infrequently are entirely bizarre, or present nicer manifesta- 
tions, or clinical evidence of bleeding either as one or more massive 
hemorrhages, or occasional tarry stools and anemia; or intermittent 
pyloric obstruction occur s as a result of the location or size of the 
tumor. Co mil, 4 Bernabei, 2 Meyer and Singer, 1 '’' and Matas 13 are among 
those who have directed attention to the manner in which a peduncu- 
lated tuiuor near the pylorus may serve as a ball valve or pass through 
the pylorus and produce intermittent gastric ileus. 

Bleeding has been a prominent symptom and one which lias led to 
clinical recognition and operation in many eases. The bleeding in 
some instances 1ms been due to erosion of mucous membrane overlying 
the tumor ami has been of such a nature as to produce an anemia 
which Ins not infrequently exhibited a blood picture eh.vly simulnt- 
in „ that' of pernicious anemia, fn others, massive hemorrhages have 
occurred Miodowski,‘ r Xieaieyer,-- Kemke.-’ .Morgan.- and Urine!., 

,1 have cited instances in which fatal hemorrhage has or- 


and others have 
curred from a benign tumor 


r of the stomach. 
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Often when symptoms simulating those of peptic ulcer occur, a 
peptic ulcer is actually present. Lockwood, 11 Meyer and Rosi, 15 Bal- 
four, 1 Lorenz, 12 and others have presented such observations. Judd 
and Iloerner 8 stated that gastric or duodenal ulcer was associated in 
46 per cent of their cases of benign tumor of the stomach. In eight 
cases, the gastric ulcer was situated directly over the neoplasm. In 
six of these, Rieniets 23 stated that the nicer extended through the 
mucosa, muscularis mucosa, subinueosa, the capsule of the tumor, and 
into the tumor tissue. One of these eases Judd and Hoerner 8 presented 
in detail as an illustration of gasti'ic ulcer penetrating a leiomyoma. 
"While duodenal or gastric ulcer is at times associated with a benign 
tumor of the stomach, and while erosion of mucous membrane over- 
lying the tumor with ulcer formation has been noted in a number of 
cases, deep penetration of the tumor by a gastric ulcer has been ob- 
served so infrequently as to warrant recording a case of gastric ulcer 
deeply penetrating a large leiomyoma of the stomach and from which 
several massive hemorrhages had occurred. 


CASE REPORT 

Case 1.— -The patient, Mr. C. H. S., fifty-six years of age, was examined on 
April 13 , 1936, and stated that he had been entirely well until about three years 
previously, when he developed a digestive disturbance which was quite characteristic 
(, f peptic ulcer and for the relief of which on lvis own accord he resorted to the use 
"f alkalies. He likewise experienced case by the taking of food. Several weeks 
after the onset of the epigastric distress, a rather massive hemorrhage occurred, as 
"as manifested by tarry stools, weakness, and anemia. The patient’s physician 
a i \ bed roentgenologic study of the gastrointestinal tract, which the patient failed 
to have done. A. clinical diagnosis of a peptic ulcer was made, and a medical 
regimen was instituted with complete relief of all symptoms until six months later 
"lien hemorrhage recurred and was manifested by tarry stools. Bleeding had oc- 
curred in variable amounts at intervals of several months, and except for the oe- 
msional hemorrhages, few if any symptoms had been manifested. The patient 
j* * onl * 1:| 4 nausea or vomiting and never had vomited blood. Upon examination 
ic patient was found to be well nourished, weighed 103 pounds, and was moder- 
, anemic. The systolic blood pressure was 104, and the diastolic pressure S2. 

era physical examination was essentially negative. No epigastric mass was pal- 
Iaic, nor wits tenderness demonstrable. ' 

slio\v'.V' ,>, ' <>nl " nS *° St. Vincent’s Hospital for further study. Urinalysis 

. Umcifte gravity 1.006, acid reaction, no albumin, sugar, acetone, or miero- 
evte" ° The concentration of the hemoglobin was 45 per cent, the crytliro- 

111 ciu ’h millimeter of blood, and the leucocytes 

lvftii>| (rU fTeroiitiul count was as follows: neutropliiles, 03 per cent; 

l’i ,! Prr cent; cosinopliiles, 4 per cent; and basopliiles, 1 per cent. The 

ccomg time ivti 


minutes <mc minute, and the coagulation time was three and one-half 

niche on .1 m ' nt Smo'ogic examination of the stomach by K. .S. Davis showed a 
There ° Er , P! ' 1 ' r curvature of the stomach 2.5 cm. above the pylorus (Fig. J). 

imde.n'^T ' K|N " ,l '" ir k'tmtric retention. The roentgen diagnosis was gastric ulcer; 

• "-.mint ■>« per cent. 

in diameter' '.'’r 1 ! “’ mi> ' ,lll ' ro " !,s u Umu,r approximately <• by 4 by t cm. 

•> anted near the pylorus and involving the greater curvature and the 
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hospital in excellent condition on May 18, 1936, the thirty-second postoperative 
day. Six months following the operation the patient was seen again and was in 
splendid health. 

The pathology of the tumor of the stomach was described by Dr. John W. Budd 
as follows: Gross description: The tumor measured 6.5 by 4 by 3 cm. in diameter 
(Pig. 2). Its surface was coarsely lobulated and was covered by a thin transparent 
capsule over about three-fourths of the periphery. The tumor was firm but elastic 
in consistency, pinkish-wliite in color, and cut sections exposed an opaque homog- 
enous surface striated by bands of fibers running in many directions. There was no 
degeneration or hemorrhage. The concave surface of the tumor was covered by a 
thin layer of gastric mucosa which was densely adherent to the tumor. In about the 



""'lp.ut of the mucosa, there was a linear depression 3 cm. in length and 4.5 
,m "\ m nidth which at each extremity hollowed out to form a concavity 1 bv 0.4 
in diameter. These concavities were well within the substance of the tumor. In 
mfl:ui co, the mucosa was apparently intact, but greatly thinned out, while in 
other it seemed to be defective and ulcerated (Fig. 3). 

Microscopic description: The tumor tissue was composed of bundles of mature 
'oJi muscle, cells which were supported by moderately dense fibrous stroma (Fig. 
w j’. periphery, there was a thin envelope of dense fibrous connective tissue 

' ^'finrated l* 10 tumor from the surrounding tissues. Sections taken through 
v ;V ' r ••howed a membrane of fibrinous exudate and polymorphonuclear leucocytes 
1 *"' ''Pithclial defect. The base of the ulcer was formed by tumor tissue 
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which showed moderate fibrosis and nodules of round cell infiltration. At the mar- 
gins, there was an intact but atrophic layer of gastric mucosa and subimicosa, the 
latter rather densely scarred. 

Diagnosis: Leiomyoma of the stomach, apparently arising from the muscle wall, 
and peptic ulcer of the gastric mucosa with extension into the substance of the 
leiomyoma. 

DIAGNOSIS 

There are no clinical characteristics of benign tumor of the stomach. 
Usually a tumor is not palpable, and in the absence of a palpable mass, 



be clinical manifestations when present often suggest gastroduodenal 
.. ithor through nicer features, anemia, gastrointestinal b 

lisease eitl - motilitv. Fortunately the roentgenologic 

tumors of the -stomach imvo become m.fticiently 

lspC ' , . facilitate the diagnosis in many instances. .Moon, 

■stablished ’ • w Kirl . lhl niM | Weber.'" and others have eon- 

Rider to’the roentgen diagnosis of benign tumors. Die 

tnbuted valm , M . ni g„ tumor of the stomach are of parf.cu- 

roentgenologic ' nn . , mf tll0 surgeon s temerity may 1m 

of M,rgiea. exploration if he is familiar 
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with some of the roentgenologic criteria which differentiate benign 
from malignant tumors of the stomach. Moore 19 has stated that con- 
spicuous among the signs of benign tumor are: (1) the filling defect 
is generally central rather than marginal, and although it may be near 
the curvature, it is smoothly and sharply contoured and is commonly 
rounded or oval ; (2) the outline of the gastric shadow is usually pre- 
served, although it may be faint; exceptions are mural or broadly 
sessile tumors which through exclusion of barium from their base 
produce a marginal defect; (3) absence of spasm common to ulcer 
and carcinoma; and (4) uninterrupted peristalsis. 



1 he importance of the early diagnosis of benign tumors of the stom- 
■ 1 is twofold. Tliose tumors giving rise to symptoms arc so situated 
lnos l instances that they are readily accessible and may be removed 
b adequate surgical procedures. Of at least equal importance in the 
)u h diagnosis of these tumors is the difficulty of always differentiat- 
*!" i^d^ren a benign tumor and one in which malignant transforma- 
10,1 ^ lns n< ‘currod. Stewart." 1 * as the result of his observations in the 
. °f 11,000 necropsies performed at the Leeds Oeneral Infirmary, 
'as piesented quite conclusive evidence that certain tumors of epi- 
*' 1,1 01 'igin in the stomach undergo malignant transformation, and 
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In some instances are associated with carcinoma. Judd and Hoerner s 
stated that in two of their cases of benign tumor, malignant trans- 
formation had occurred. Stewart 25 lias stated that there is a certain 
amount of evidence to show that sarcomatous metamorphosis may 
occasionally occur in simple leiomyoma of the alimentary tract just as 
in uterine fibi'oids. Of interest in this connection is the discussion by 
Melnick 14 of metastasizing leiomyoma of the stomach in which he 
reports a case of benign ulcerated leiomyoma of the stomach from 



yip, g.—arosf -vfJcdmcni of polypoid tumors of th- cloinnrti «*«»•? 


which the patient had a fatal hemorrhage, ami necropsy disclosed « 
metastatic lesion in the liver which histologically rrsombled almost 
exact, v the tumor in the stomach. That malignant trnnsfori.mt.on may 
X t.reviouslv benitrn tumor of the stomach seems exemplified 

5 „ the following case: 

,, r ... -jj .rvonlv vpnrs, wjl- referred fn no- « n duty I. 

CASE £.— Mrs- E. -'*• • ' ~ The pnth-r-.l Afrit-! ftc! fn r t 

wftha <hagne^ "f ^ . ri ,,l, „f wcakr.-.- and «;»!)■ !l "’ 

jnatcly thirteen years rhe ted 5 
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time, she had had mild digestive disturbances intermittently, characterized by gas 
and indefinite epigastric distress without any particular relationship to food-taking. 



t'fg-. 7 — Low power of polypoid portion of tumor showing glands and papillary 

formation (Case 2). 



t '"' ) ! r, ' Vi(, ”'“ lwi . r< ' nrs t ike patient had b eon imdcnvcight and seldom weighed 
U * 'l‘ n n,, iety pounds. In April. IP-lo. liftren months prior to our consultation. 

examined elsewhere, and a diagnosis of pernicious anemia was 
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in some instances are associated with carcinoma. Judd and Hoerner* 
stated that in two of their cases of benign tumor, malignant trans- 
formation had occurred. Stewart 25 lias stated that there is a certain 
amount of evidence to show that sarcomatous metamorphosis may 
occasionally occur in simple leiomyoma of the alimentary tract just as 
in uterine fibroids. Of interest in this connection is the discussion by 
Melniek 14 of metastasizing leiomyoma of the stomach in which he 
reports a case of benign ulcerated leiomyoma of the stomach from 



which the patient had a fatal hemorrhage, and necropsy disclosed a 
metastatic lesion in the liver which histologically resembled almost 
exactly the tumor in the stomach. That malignant transformation may 
occur in a previously benign tumor of the stomach seems exemplified 

in the following case : 

„ v « h need seventy years, was referred to me on July 1. 

Case 2. M - • • ’ , w tumors. The patient state*} that for approx, ■ 

with a diagnosis o ^ ] m a periods of weakness nnd anemia. During tins 
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made. Blood was constantly found in the stools at that time, and there was marked 
anemia.- The concentration of the hemoglobin was 37 percent, and the erythmytes 
numbered 1,01(0,000 in each cubic millimeter of ..blood.'.' A gnstrointestinaLstudy 
ivas made at that time, but because of the poor condition of the patient, the usual 
methods of conducting such a study could not be employed, and no gastrointestinal 
lesion was visualized. Under treatment for pernicious anemia, the patient, improved 
markedly, and it subsequent roentgenologic study revealed the gastric lesions 
(Kg. 5). 

When the patient was brought to our attention on July 1, 1031, her weight was 
ninety-eight pounds. The systolic blood pressure was 128, and the diastolic pressure 
The patient was markedly anemic. General physical examination, however, 
Mas essentially negative. The urinalysis was negative. The concentration of the 
hemoglobin was 30 per cent., the erythrocytes numbered 2,OSO,000 in each cubic 
millimeter of blood, and the leucocytes numbered 4 , GOO with a differential count as 
follows: neutrophiles, 70 per cent; lymphocytes, 22 per cent; eosinophiles, 2 per 
cent; slight polyehromatophilia, slight poikiloeytosis; moderate auicytosis, and 
marked acromia. Because of the poor general condition of the patient, largely 
due to tiie anemia, operation was deferred for six weeks, during which time marked 
improvement in the anemia and general condition of the patient occurred. 

Tlie preoperative diagnosis was multiple polypoid tumors of the stomach. 
Operation: August 15, 1931, at St. Vincent’s Hospital. Upon opening the abdomen, 
several tumors u-ere palpable in the stomach; the largest tumor was nearly S cm. 
in diameter and was situated in the middle third of the stomach attached to the 
posterior wall. This tumor was removed by median gastric sleeve resection. Three 
other tumors varying in size from 1 to S cm. in diameter were situated in the 
cardiac third of the stomach and were removed by local excision. 

Pathologic report (Dr. E. M. Hall): The specimens consisted of four papillom- 
atous tumors of the stomach (Fig. <i). The largest, of these measured (i by (I by 
3 cm. in diameter, and tile others measured 3 by 3 by 1.5 cm., 3 by 2 by 1 em., 
and 1 cm. in diameter. They were ail similar in that they siiowed a distinct 
papillary growth. Many of the stalks were thick and bulbous at tire tip. Examina- 
tion of sections from these tumors showed a very irregular polypoid growth upward 
of the mucous membrane consisting of villi covered with tall columnar epithelium 
together with stalklike outgrowths containing acini of variable size (Fig. 7). In 
none of the four tumors did the newgrmvth break through the museuiaris Mucosa. 

In two tumors, however, the glandular part had beeomo quite atypical, showing 
fairlv large areas in which the acini were solid and irregular, and the epithelial 
cells appeared to have taken on malignant change (Fig. 8). The nuclei were larger 
and manv contained large nucleoli. Occasional mitoses were seen. Many lympho- 
cytes and" plasma cells were present in the interstitial tissue together with a model ate 
number of polymorphonuclear leucocytes and eosinophiles. Diagnosis: Polyposis of 
the stomach with early malignant degeneration. 


CONCLUSION 

In the majority of the eases in which a tumor was palpable or in 
which clinical symptoms led to a preoperative diagnosis of tumor of 
L stomach and surgical exploration, the tumor was s.tuated m an 
1 -We nortiou of the stomach and was readily removed. It is like- 
accessib P jn jnany 0 f those instances in which fatal m as- 

wise notev , occnrre d, necropsy revealed the tumor readily 

. Wal procedure had « bee,, iaali.a.ad. In approx,. 
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CANCER OP THE STOMACH 


- In cancer of the stomach, there is a large area in which no symptoms 
are produced by any growth unless there is perforation, hemorrhage, 
or obstruction. This area comprises the cardiac portion of the stomach 
and much of the greater curvature. Cancer itself rarely causes pain in 
the early stages, unless it develops in areas of confinement, as in the 
hone where the new tissue produces pressure. It is chiefly along the 
outlet of the stomach, where obstruction may occur, or along the lesser 
curvature, where interference with the physiologically active motor por- 
tion of the stomach may produce mild symptoms, that we can hope for 
a very early diagnosis. A majority of cases of cancer occur in the right 
half of the stomach and therefore should lend themselves to an early 
diagnosis, if there is accurate observation of the first clinical symptoms. 
The textbook picture of hemorrhage from the stomach, cachexia, a 
palpable mass, and enlarged lymph nodes in the base of the neck, shows 
only the terminal stages, and in most instances when these symptoms 
appear, the outlook is hopeless. There are a few cases, however, in 
which the cancer is of the funguslike type, a rather large mass with 
septic symptoms, and yet is comparatively mild in its histologic degree 
of malignancy. In such instances, even though the patient may appear 
to be in desperate condition, operation occasionally offers relief, even 
if it does not cure. The colloid, or so-called mucoid cancers, often be- 
long in this class of cases. 


Early diagnosis of cancer of the stomach depends upon the careful 
consideration of what often appears to be trivial symptoms. While the 
laboratory diagnosis may be helpful, it is well known that many per- 


sons over thirty-five years of age, particularly women, have low acid in 
tlm gastric juice and not infrequently complete achlorhydria. Some 
claim that this is a result of a gastritis, and that this in turn may be the 
forerunner of cancer. However, tire number of cases of cancer com- 
pared with those of achlorhydria, or low acid in the gastric juice, is so 
small as to make this lead of very slight, though not negligible, value, 
^et I have seen some very malignant gastric cancers with high acid 
value in the gastric juice. One of them, Mr. 0. 0. W.. aged thirtv-onc 
.'cars, had free hydrochloric acid as high as !)0 degrees. He had a 
0X10,1 111 Hm stomach which resembled very much a large perforating 
ulcer. A partial gastrectomy was done, removing a portion of the pan- 
meas. He made a satisfactory immediate recovery, hut had an exten- 
sne recurrence in about six months, and died within a year from the 
tune of operation. This proved to he a type of small cell carcinoma 
'' ui: ^ ls unusual, and while the metastases responded at first to irradin- 
,on , when the disease began advancing again, irradiation was ineffective, 
another patient, Mr. W. S. B„ with advanced gastric carcinoma, 
c "as ns much ns 77 degrees free hydrochloric acid. In this pa- 



SOME OBSERVATIONS ON . CANCER OP THE 
GASTROINTESTINAL TRACT* 

J. Shelton Horsley, M.D. 

Richmond, Va. 

(From the Surgical Department of St. Elizabeth's Hospital, Richmond) 


THHE challenge of the cancer problem cannot be ignored, when ire 

1 recall that during the past year more than 140,000 persons in the 
United States died from cancer, and particularly when we realize that 
many of these deaths were preventable if the diagnosis of the condition 
had been made at an early stage and proper treatment had been 
promptly given. The chief factor in these deaths is cancer of the gastro- 
intestinal tract. Caneer of the stomach causes far more deaths than 
cancer of any other one organ. Many patients who die of vague con- 
ditions and upon whom necropsies are not done doubtless have cancer 
-of the stomach, because, in cities or regions where the percentage of 
necropsies is high, the death rate from cancer of the stomach is usually 
also high. The deaths from cancer of the stomach last year may be 
estimated at a minimum of 35,000 when these facts are considered. In 
1933, there were 128,475 deaths from cancer in the United States. Of 
these, 26,565 were from cancer of the stomach and duodenum, and 
19,344 from cancer of the intestines, including the rectum. This makes 
a total of 45,909. If the deaths from cancer of the pancreas and liver, 
glands which are adjuvant to the gastrointestinal tract, are added, there 
are 60,070 deaths, almost half of the total deaths from cancer. 

The only satisfactory treatment for cancer of the gastrointestinal 
tract is excision. In the lower rectum and anus, the application of 
radiation from radium, radium emanations, or x-rays, is sometimes help- 
ful and may be curative, but above the lower portion of the rectum and 
anus radiation as a therapeutic measure has usually but little effect. 
The problem before us is simple in statement but difficult of execution. 

It is first of all, the diagnosis of the lesion in its early stage, and, sec- 
ond the prompt excision of the diseased tissue. The chief difficulty is 
an early diagnosis, but another difficulty like unto this is the securing 
of prompt and efficient treatment in the form of an operation by a sur- 
geon competent to do tins work as soon as possible after the diagnosis 


is made. 

before the Emory Alumn.. at the Academy 
^ UI Received^i'or publication. October 1030. 


of .Medicine, Atlnntn, C,c orpin. 



HORSLEY: CANCER OF GASTROINTESTINAL TRACT 


725 


often remittent or intermittent in its symptoms, just as an ulcer would 
be, and the fact that the symptoms disappear entirely is by no means 
an assurance that the lesion is a benign peptic ulcer. 

If any person, particularly a man within the so-called “tropic of 
cancer,’ 5 that is, over thirty-five years of age, has symptoms of “stom- 
ach trouble, ’ ’ the case should not be lightly dismissed. If after a gas- 
tric analysis and a thorough study by the physician, the cause of the 
complaint cannot be definitely determined, the patient should be re- 
ferred to a competent roentgenologist, one who has experience and skill 
in making diagnoses of gastrointestinal lesions. Not infrequently fluoro- 
scopic observations are more valuable than the plates, and these two 
methods should be interpreted together. It must be recalled, however, 
that, even when a lesion with slight symptoms is demonstrated by x-ray, 
it may alreadj r be well advanced. The more recent improvements in 
roentgenologic diagnosis, in which the affected segment of the stomach 
will show changes in the pattern of the mucosa or in peristalsis even 
before a filling defeet has become noticeable, will doubtless be more 
helpful in the future. 

An ulcer or any lesion of the stomach that is suspected of being car- 
cinoma should not be allowed to remain too long. If it seems probable 
Unit it is a peptic ulcer, medical treatment is justifiable for two or three 
weeks, when the examination should be repeated, and, if the diagnosis 
s dll is in doubt, the patient should be operated upon. William Gerry 
Morgan, a medical gastroenterologist, goes so far as to say that all gas- 
tric ulcers are surgical conditions from the beginning. While I am not 
so radical as that, I believe that more cases of cancer could be saved if 
his doctrine were followed than if there is an indeterminate delay. 

Gastric peptic ulcer is, of course, quite different from ulcer of the 
duodenum, in which operation may never be indicated unless there is 
leinorrhage, Perforation, or obstruction. Cancer rarely develops from 
<ui ulcer oi the duodenum, though there are a few cases reported in 
which this has occurred. 


CANCER OF THE SMALL ROWEL 

k. nicer of Ihe ampulla of Yater is infrequent, but it is always for- 
me able. Irvin Abell has treated some of these eases by opening the 
mmdcnmu and implanting radium. Radium emanations are preferable, 
ml if the “seeds” are not available, radium in needles may he used, 
!1 bulled to linen threads brought up through the esophagus by a stom- 
i tu )o so that the needles can be removed at the proper time. 

Pin nth Alien (). Whipple and his associates have devised an opera, 
ere-' <Xt .’ slon ot " u ' duodenum for cancer of t ho head of the pan- 
he do,.. i* lllh01 ° f ,heso lcsions - Poetically the same operation must 
e K'eause of the intimate relationship of the ampulla of Yater 
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tient the cancer was very extensive, and there was a small metastasis 
in the liver. There was bleeding from an artery in the cancerous area, 
and the portion of the stomach involved in the cancer could be re- 
moved. A partial gastrectomy was done, and the patient did 'well for a 
while, but died of peritonitis six days after the operation. 

While such cases are unusual, we should bear in mind the fact that 
cancer of the stomach may occur with normal or high hydrochloric acid 
values in the gastric juice. 

The diagnosis of cancer in the cardiac end of the stomach, though 
difficult, may be made by careful interpretation of symptoms and a 
thorough roentgenologic study. I recall a case in Atlanta in which a 
brilliant diagnosis of a lesion in the cardiac portion of the stomach was 
made by T. C. Johnson and J. L. Campbell. Johnson demonstrated a 
filling defect which I believed was cancerous. An operation was advised, 
but was postponed by the patient for several months. When it was 
done elsewhere, it was found to be too late.' Postponing an operation for 
cancer in order to settle business affairs is often fatal. The growth of 
cancer does not wait for such things. As soon as the diagnosis can be rea- 
sonably well made, at least an exploratory operation should be done. 


The ratio of the incidence of gastric cancer following peptic ulcer is 
a much disputed point. That it does occur in some cases is acknowl- 
edged by all. Holmes, roentgenologist of the Massachusetts General 
Hospital, Boston, claims that many ulcers about the pyloric end of the 
stomach are potentially cancerous and, in common with most roent- 
genologists and clinicians, he believes that probably all ulcers that can 
be demonstrated roentgenologicallv on the greater curvature of the 
stomach are malignant. This rule, too, may be subject to exceptions. I 
have had one patient with ulcer on the greater curvature that was 


apparently not malignant. This was a recurrent lesion after a partial 
gastrectomy for a posterior perforating ulcer at the pyloric ring. It 
would, however, be safer to regard all ulcers in the greater curvature 
as malignant. Such simple symptoms of indigestion as loss of appetite, 
so-called waterhrash and heartburn, with slight discomfort in the region 


of the stomach, occasionally, though not usually, coming on somewhat, 
like the hunger pains of peptic ulcer, may be symptoms of cancer. 
Except when a polyp is present, bleeding from gastric cancer is uncom- 
mon as compared with peptic ulcer. Almost one-half of all gastric can- 
cers do not ulcerate. Gaither has summed up in an excellent article an 
] r-j of 245 cases of cancer of the stomach demonstrated by opera- 
t”n } and treated* at Johns Hopkins Hospital during a period of ten 

TTo omnhasized the fact, that not only is the clinical course of 
years. He emphasw^^ ^ ^ oftcn eI ,. onpmif , , )1I( thal 

gastric caw < there arc absolutely misleading and may 

2X? piem an early diagnosis. Thus, cancer of the stomach is 
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products, very closely simulating cancer. An endometrioma of the 
sigmoid and upper rectum is occasionally found. Polyps are not 
uncommon. 

On the right side, operation may be done in one or in two stages. In 
the first stage, the ileum is divided with the cautery between forceps and 
united to the transverse colon end-to-side. If its mesentery is free, the 
cecum and ascending colon can then be excised at the same operation, 
hut if there are many adhesions, it will be best to do this subsequently. 

In tumors of the left colon down to the rectum, in my opinion, a 
three-stage operation should always be done. In the first operation, a 
cecostomy is made with a glass rod under the ascending colon, so as to 
shunt all of the feeal matter through this cecostomy opening. About 
two weeks latex*, the cancer is resected, with union of the colon by the 
cnd-to-end method or, if the patient is fat and the bowel adherent, a 
modified Mikulicz operation can be done. In this latter procedure, the 
loop is brought onto the surface of the abdomen, the two limbs of the 
loop are sutured together, and then the affected portion of the bowel is 
doubly clamped at each end and severed with the cautery. The clamps 
are left on for some daj's, as the cecostomy px*events obstruction. The 
spur is later cnxsbed, and a lumen is established. If, however, the af- 
fected segment of bowel is freely movable, an end-to-end union may 
be done. It must be recalled that in the Mikulicz type of operation, the 
excision often cannot be quite so radical as in resection with end-to-end 
union. I have seen a recurrence of tlxe cancer in the ends of the two 
slumps that followed a Mikulicz type of operation. 

f'anccr of the rectosigmoid junction and of the upper rectum can 
now be removed radically, and an end-to-end union made by suturing 
the stump of the sigmoid to the stump of the rectum. Two long guy 
sutures of linen are placed in the posterior wall of each stump, after 
rotating the upper stump so that the peritoneal surface will be poste- 
rior. By shoving down the upper stump to the lower stump as the guy 
sutures arc tied, contact is made between the posterior margins of each 
stump, and they are sutured together, and then the anterior portion is 
sutured. The patient is in the Trendelenburg position. This, of course, 
presupposes that the cecostomy has been done at least two weeks before 
and that the colon is empty. Tiie block dissection of the sigmoid and 
upper rectum is just as thorough as though the whole rectum were to be 
extirpated. The usual technic employed in these cases has been to 
umke an artificial anus. If, however, the continuity of the bowel can 
>o established aftov excision of the rectosigmoid junction and t he upper 
tectum, and the chances of cure are not sacrificed, it would seem to be 

a uioie desirable procedure. I Slave done this in several cases in Die 
fast three years. 

In cancel* of the rectum. I prefer a one-stage operation of 11)0 ad- 
' "mmoperiuoal type, based on the Miles procedure. The abdominal 
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with the structures around the pancreatic duct and the head of the 
pancreas. In this operation, which lie has done on four cases, lie makes 
use of the fact blown to physiologists for some time, that the pan- 
creatic duct may be safely ligated in dogs. Physiologists have shown 
that complete occlusion of the pancreatic duct can be done without 
seriously impairing health. This greatly simplifies the operation, which 
Whipple does in two stages. In the first stage, the gallbladder is 
anastomosed to the stomach and a gastroenterostomy is established. 
Thus, the .jaundice is permitted to clear up, and the patient becomes 
better nourished. In the second stage, the duodenum and the head of 
the pancreas are excised. By this technic, cancer of the ampulla of 
Vater or of the head of the pancreas has been brought into the field of 
reasonable endeavors for its cure ; formerly excision of the duodenum 
and the head of the pancreas had been done chiefly as an experimental 
procedure in dogs. 

Cancer of the small intestine, while uncommon, arises sufficiently 
often to demand our attention. It is often difficult to diagnose. It is 
usually either lymphosarcoma or of the carcinoid variety. Several cases 
of this latter type have been reported, in some of which there is 
metastasis from the growth. Usually, however, this carcinoid, or argen- 
taffine, cancer remains local, is not extremely malignant, and is readily 
cured by resection. This is the type of cancer found in the appendix, 
occurring as a small orange-yellow growth near the tip of the appendix. 
When removed by the technic of ordinary appendectomy, there is often 
no further trouble. 


CANCER OF THE LARGE BOWEL 

Cancer of the large bowel is a common type and should be consid- 
ered in three different groups: first, cancer of the right large bowel; 
second, cancer of the left large bowel down to the upper rectum ; and, 
third, cancer of the distal two-thirds of the rectum. 

In the right large bowel cancer is usually different from cancer in the 
left. In the right side, it is often of the fungous type and ulcerating. 
Not infrequently, because of the saprophytic toxin, one of its early 
si mis is a secondary anemia that may very closely simulate a primary 
anemia. The patient may have marked hemorrhages, and pain is often 
■i fairly early symptom, from the involvement of the adjacent parietal 
ueritoneum. ' This involvement does not necessarily indicate that the 
lancer itself has invaded the peritoneum, but rather that the conges- 
tion which accompanies the necrotic mass extends to the peritoneum, 
d ^ the saprophytic bacteria may have produced a local peritonitis. 
Tt1 ‘ ncer of the left half of the bowel, one of the earliest symptoms 
1 ‘ , h „ ultlnl , Here, too, other lesions are found, such ns divcrtic- 

Stud, n,«.v rupture »■' b °“' d 
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early cancer of the rectum in which the mucous membrane was freely 
movable, the lesion was excised with the cautery. In a few months the 
cancer returned, and the condition was liopeless. I am confident that 
if I had done a radical operation in that patient at first, she would have 
been permanently cured. 

Obvious cancer of the mouth or cheeks frequently can be excised with 
the cautery, with reasonable expectation of cure. However, in these 
cases, there should be a frozen section made at the time of operation, 
and, if a higher grade of malignancy than expected is demonstrated, 
a more radical operation accompanied by irradiation either in the 
form of radon, radium metal, or x-ra3 r , or combinations of these pro- 
cedures, should be applied. As we have learned, however, cancer of 
the gastrointestinal tract is to a very great extent radioresistant, and 
radical surgery must be done when the growth is first attaelced, be- 
cause recurrences are usually hopeless. 

CONCLUSIONS 

Bv carefully observing and analyzing apparently trivial symptoms 
of so-called indigestion or dyspepsia, of bleeding or discharge from the 
bowel, or of changes in the habits of the bowels, a diagnosis of malig- 
nancy of tlie gastrointestinal tract may be suggested in its ineipiency, to 
he confirmed or disproved by roentgenologic examination. An early can- 
cer of the stomach or bowel properly excised should give a high per- 
centage of cures. Even late eases may sometimes be relieved and occa- 
sionally cured, 
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poi Lion is done first, and the upper stump is drawn through a stab 
u ound to the left of the incision. Then the lower stump is pushed 
down, a peritoneal diaphragm over the pelvis is sutured, and the wound 
is closed. The patient is placed in the dorsal position or in the lateral 
position, and the excision is completed from below. One of the chief 
objections against this operation is the danger of shock. However, if 
an intravenous cannula is inserted at the beginning of the operation, and 
five per cent dextrose in Ringer’s solution is permitted to run in at. the 
rate of 150 to 200 c.c. an hour, or more rapidly if indicated, the opera- 
tion can usually he completed with but little or no shock. These pa- 
tients should have at least one donor matched up and ready for .trans- 
fusion of blood at the end of the operation, and, if the intravenous dex- 
trose in Ringer’s solution does not. maintain the blood pressure satis- 
factorily, a transfusion should he given at once. In this way the danger 
of shock can be to a large extent averted. When cancerous tissue is 
handled or manipulated, it is much better to have it. removed at the 
same operation. In the three-stage operation mentioned for the left 
colon, the cancerous tissue is not manipulated, except when the actual 
resection is done. The stages are for affording rest to the bowel and for 
making healing more prompt and peritonitis less formidable. 

In resection of the colon, we usually apply intraperitoneally the Stein- 
berg colibactragen. Formerly this was injected several days before the 
operation, but now Steinberg has produced a product which reaches its 
maximum of protection in a few hours, and may be placed in the peri- 
toneal cavity during the operation and will be effective. 

Cancer of the rectum is comparatively common. It is truly pathetic to 
see how many cases of cancer of the rectum are permitted to go to a Into 


stage, when a simple digital examination might detect the disease in its 
ineipiency. A patient who has bleeding from the rectum, or symptoms 
of discharge or anal discomfort should always be examined, at least 
digitally; this is best done with the fingers encased in a rubber glove, 
so permitting a deeper examination than with a finger cot. This may 
be followed by a proctoscopic examination, but a vast majority of can- 
cers in the lower rectum can he definitely detected by a simple, thor- 


ough digital examination, whereas merely prescribing a salve or sup- 
positories without such an examination may lead to disaster. 

Patients with mild, or low grade, or early cancer of the rectum arc 
those in whom a cure will almost certainly be obtained by a radical 
operation, and the temptation to do something conservative is not infre- 
1 entlv fatal Of course, if there is a polyp that is suspected of being 
malkniant, It can be excised with the cautery or with the en.Iotl.erm. but 
•m ulcerating cancer, even though it does not go through the whole wall 
Tf the bowel demands radical operation. By doing a radical operation 
1 can cer wc can almost assure a cure. I recall a hitter ex- 
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healthy vascular tissue. For this reason, it is sometimes advisable to 
do a plastic operation and remove, sear tissue over superficial bones or 
adherent to bone some weeks before undertaking the grafting opera- 
tion. Likewise, at the time of the operation, sear tissue around the 



tip. i. — Bone graft for nonunion of the radius, three months postoperative, union 

Arm. No further trouble. 



l it:. ".—Bone grafts 
voo.1 screws and 


for both honor of the forearm, six months postoperative. Two 
six selftapping screws were used. Union firm in eight weeks. 


• nils oi the bones should be removed back to good vascular tissue, and 
! " ,luln '°"’ c,mfl I of each fragment should be opened, and if the bone 
emulated, numerous small holes should be bored into the ends of 
the fragments. 



TREATMENT OF NONUNION OF FRACTURES WITH BONE 

grafts fixed by metal screws 

J. Albert Key, M.D., St. Loots, Mo. 

(From the Department of Surgery of the Washington University School of Medicine) 


VVyilEN a long bone lias failed to unite and further treatment is 
demanded, the surgeon usually must decide on some type of 
operative interference. At the present time, the methods principally 
used are drilling of the fragments, either with or without free ex- 
posure of the site of nonunion, overlapping, or cut stepping the frag- 
ments and fixing them together with screws or wires, or inserting some 
form of bone graft at the site of the nonunion. During the past five 
years, I have consistently used a large autogenous slab of hone which 
has been fixed to both fragments by metal screws and wish to report 
the method in detail. 

The principal types of bone graft now in use are the intramedullary 
peg, with or without fixation in one fragment to prevent its sliding 
upward or downward in the medullary canal; the massive diamond- 
shaped graft, the points of which are inserted into eaeli fragment and 
wedged in position so that it is a modified intramedullary peg bridg- 
ing a gap; the onlay graft which Campbell fixes with autogenous pegs 
and which Henderson fixes with beef bone screws; the inlay graft, 
usually a sliding graft which is sometimes dovetailed into position, 
sometimes fixed with wires, sutures, or pegs ; the multiple barrel stave 
grafts of Steele which may be fixed with a suture or wire; and the 
osteoperiosteal grafts of Ollier and Delagenier, which ai-e usually laid 
across the site of the nonunion. Finally, there is the delayed inlay 
graft of Brooks in which the graft is cut and transplanted two weeks 
later after osteogenesis has started. In most instances, surgeons at 
the present time fill in any dead space between the bone ends with 
autogenous bone fragments. 

When considering operation in an effort to obtain union in bones 
which have, for some reason, failed to unite, the following require- 


ments must be met : 

1. Asepsis. — No bone graft should he undertaken in the presence of 
infection; in operating upon bones which are or have been infected, 
it is advisable to first clear up any local infection and wait at least six 
months after the wound has been permanently healed before attempt- 
ing to place a graft across the site of the nonunion. 

I B l 00( l Supply-— It- is not only important that tin- bone ends receive 
adequate blood^ supply, but also that the area next to the graft he 

"deceived for publication, December 11. 1M«- 
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grafts of Henderson and Campbell are, I believe, the best type for 
routine use in nonunion of long- bones, but my experience with the 
beef bone screws lias been that they not infrequently jam and either 
break or have to be cut off and are quite difficult to insert. Further- 
more, both the graft and the bone fragments have to be threaded, and 



* 1.- Ohl fracture of the humerus with nonunion ami free* fragment. 


"hm litis is done, the screw does not press the grafl down upon the 
bone. ] nave not used the autogenous bone pegs of Campbell, but I 
dii not believe that it would he possible for me to fix a graft as firmly 
">th tbe pegs as 1 can with the beef bone screws, and I know that I 
'-nmot fix it as firmly with tbe beef bone screws as I can with metal 
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3. Apposition of Bone Ends . — All sear or fibrous tissue between the 
ends of the hone should be excised and, as a rule, the ends of the frag- 
ments should be excised for a short distance. If possible, the ends of 
the fragments should be placed in contact. If not possible, the space 
between them should be filled with bone. 

4. Osteogenic Material . — The fate of an autogenous bone graft is not 
definitely known. Some believe that the graft lives and persists; some 
believe that ft dies and may be replaced by living bone ; and some, of 
which I am one, believe that the major portion of the graft dies, but 
that some of its surface cells live and may proliferate and form new 
bone. Regardless of which of the above views is correct, it is gener- 
ally conceded that in operating for nonunion, an autogenous bone 
graft operation is more likely to result in union than is any other type 
of operation. Consequently, I believe that autogenous grafts should 



j.-'j.-. 3. — Bone grafts for nonunion of both bones of the forearm. Only one screw 
in proximal fragment of radius because of proximity to posterior interosseous nerve. 
Union firm in nine weeks. 


be used wherever a bone grafting operation is necessary and that not 
only should the graft be autogenous, but it should be reinforced by 
bone chips and osteoperiosteal grafts. 

5. Immobilization. — When possible the fragments should he com- 
pletely immobilized by internal fixation as well as by external fixa- 
tion, because splints and plaster casts do not completely immobilize 
the fragments, and even a small amount of movement may hinder 


union. 

The objections to the various methods of bone grafting winch arc 
current use are the following: The intramedullary peg and mass. ye 
bone "raft tend to block the medullary canal and offer ...complete 
:! " The barrel stave grafts and osteoperiosteal grafts give v « » 

flX f « ’ t-mi The inlnv grafts, in my experience, do not afford vn.\ 
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grafts of Henderson and Campbell are, I believe, the best type for 
routine use in nonunion of long bones, but my experience with the 
beef bone screws lias been that they not infrequently jam and either 
break or have to be cut off aud are quite difficult to insert. Further- 
more, both the graft and the bone fragments have to be threaded, and 



Mi,-, i — o],i fi-, ,,f t i„, |ui n icru)> with nonunion ami fro- fruprment. 


viitoi this is done, the screw does not press the graft down upon the 
bnne. 1 have not used the autogenous bone pegs of Campbell, but 1 
•In not believe that it would ho possible for me to fix a graft as firmly 
vitb the pegs as 1 can with the beef bone screws, and 1 know that, I 
t .mitof f lx !ls j; j-jj,)y with the beef boim screws as I can with metal 
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screws. I have used the delayed inlay grafts of Brooks, hut did not find 
that this method offered any especial advantage. It increases the danger 
of infection. 

TECHNIC OP OPERATION 


'l he skin of the leg to he operated upon and the skin of the leg from 
which the graft is to he removed, usually a normal tibia, are given a 
forty-eight-hour sterile preparation before the operation. The opera- 
tion is done under general anesthesia and usually without a tourniquet. 
The site of the nonunion is adequately exposed, hut not always by the 
most direct route. For instance, in operating upon the tibia, the in- 
cision is made on the anterolateral aspect of the leg, and the graft is 
placed on the lateral surface of the hone beneath the muscle. In other 
words, the incision is so planned that the graft and the area of non- 
union will he covered by an adequate layer of healthy tissue and will 
receive an adequate blood supply. 

When the site of the nonunion is exposed, the periosteum is split 
and stripped back from the exposed surface of eaeli fragment over a 
distance sufficient to allow for the length of the graft. The scar tissue 
or eartilage, or both, between the ends of the bones is excised — usually 
by cutting off the ends of each fragment with an osteotome. Then, 
with a one-fourth inch or larger drill, the marrow canal of each frag- 
ment is completely opened, and the ends of the fragments are squared 
off if possible. If not, all of the scar tissue between them is removed 
down to hard bone. Usually the ends of the fragments are eburnated, 
and with a small drill (one-eighth of an inch or less), several holes are 
drilled through each cortex of eaeli fragment in various directions. 
The bones are then placed in the position in which it is expected to 
secure union. If the ends can be approximated, this is done ancl the 
length of the graft desired is estimated. 

Then the wound is covered with a towel, and the normal tibia is ex- 


posed by a long straight incision over the antcromesin) (.subcutaneous) 
surface, and the graft is outlined with a knife. I usually do not 
strip the periosteum from the bone. I have not seen, however, that 
this made any particular difference in the result. After the graft has 
been outlined, the positions of the screws are estimated, and the holes 
are drilled in the graft and countersunk before the graft is removed. 
I usually use three screws in each fragment for the femur or tibia or 
humerus and two screws in each fragment for the forearm hones. If 
the site of nonunion is unusually close to a joint, however, and one of 
fragments is short, there may be room for only one or two screws 
in this fragment . The holes drilled in the graft for the screws are 
r i tit- tarter than the screws to be used and permit, the screw to slip 
f/mwh the -raft without binding. After the holes have been drilled 
tlil ° c mTntersunk for a short distance in order to permit the 
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countersinking also tends to prevent the screws from splitting the 
graft as they are tightened, and as a further guard against this, the 




Siicilf* ^Htcroposterior and lateral view of the preceding: fracture after grafting. 
. ftoguiatlon of lower fragment. The loose ebumated fragment was removed, 
n, ‘ unlon TO firm In eight weeks. 




fir. € — J > 0 


vraft for nonunion of th»* f^niur. Vnion firm in three month*. 


• 'U wholes are not placed in a straight line. Then the "raft is cut 
- <Rig the margins outlined, usually with a motor saw, and is removed 
'■dh a thin osteotome. Usually the ends are beveled as it is cut. 
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There is some danger in removing the graft after the screwlioles 
have been bored, because it is possible to fracture the graft if much 
force is exerted in prying it loose. Tin's has happened to me on one 
occasion, and as a result I used a shorter graft than I would have done 
had it remained intact. If a motor saw is not available or if the 
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makes anv difference, but if this method is used, I believe that it 
would be wiser to wait until after the graft is removed before boring 
the holes for the screws. Otherwise, it is apt to be broken during the 
removal. After the graft is cut, several small osteoperiosteal grafts 
are cut from the tibia, and also bone chips or cancellous bone frag- 
ments are removed if it is necessary to fill in a gap between the fi ag- 
ments. The wound in the leg is sutured immediately, usually by an 



Hp. K.—OM Inf.t-teO frncture of both bones of the forearm with nonunion. 
Siim-erlzatlmi operation then bone craft six months niter healinc. Uower ilRUrof 
rhow craft one on<! one-halt years after operation. Synostosis not disturbed. 


assistant, and a small rubber tissue drain is left in the wound for 
twenty-four hours. 

the cancellous hone on the medullary side of the grail is removed 
if it protrudes unduly. Otherwise, the fatty marrow is wiped off with 
it sponge. The graft is now laid across the fragments at the site of 
the nonunion in the desired position, and if neeessarv, the sides of the 
fragments are flattened with an osteotome in order that the graft may 
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fit snugly against them. With the graft in position against one frag- 
ment, the graft and the end of the bone are grasped with a pair of 
lion- jawed or other bone-holding forceps; and with a drill smaller 
than the screw, a hole is drilled through each drill hole in the graft 
and through the cortex of the fragment, and the steel screws are 
driven home. I use the standard vanadium steel selftapping screw of 
Sherman, and for the smaller bones I use two short screws reaching 
only, through the proximal cortex; for larger bones I use one long and 
two short: screws in each fragment, the long screw extending through 
to the opposite cortex. These screws, if placed in a drill hole which 
is smaller than the screw, will cut a deep thread and will bind the 
graft very firmly to the bone, provided the fragments at the site of 
the nonunion are not. too atrophic. All of the screws are driven home 
in one fragment, and then the other fragment, usually the distal one, 
is aligned and placed in the position in which it is desired to secure 
union ; with the bone-holding forceps, this fragment and the graft arc 
grasped, and two or three holes, as indicated, are drilled with a drill 
smaller than the screws in the cortex of the second fragment; and the 
screws are driven home as before without changing the position. 

After the graft is in place, any space remaining between the ends of 
the bones is packed with bone chips or cancellous bone which has been 
removed from the tibia at the time of the removal of the graft. The 
thin osteoperiosteal grafts which were removed from the tibia arc 
placed on either side of the bone to cross the line of nonunion. Then 
the wound is closed in layers without drainage, and a plaster of Paris 
cast is applied. 

For the femur, I use a single spiea east, a cylinder cast for bones of 
the leg, a east extending from the upper arm to the knuckles for 
bones of the forearm, and a long plaster mold extending from over the 
shoulder down the back of the arm and down the flexed forearm to 
the wrist for the humerus. 

The plaster east is removed when it is felt that union is sufficient 
to warrant it. For bones of the forearm and the humerus, it is re- 
moved at the end of six to eight weeks, ami for the tibia and femur, 
at the end of eight to twelve weeks. Where there lias been a dead 
space or gap between the fragments, it is necessary to continue the 
immobilization longer than in instances where direct apposition of the 
bone ends lias been possible. 


COMMENT 

The principal objection to the method is that it involves the use of 
* i • +i,a tissues. There is no question but that nonabsorbable 
meta m be uscd something else can be found which will 

rrt:* »»a <>» « ■» 0,1 ,i,c °" ,cr tand ' '" ,kss * 
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subcutaneous, it has been my experience that if union occurs, the 
metal may remain in the hone indefinitely without causing trouble. 
In none of the patients upon whom I have operated by the above tech- 
nic have the screws caused any trouble — this, in spite of the fact that 
in two of the cases (Figs. 7 and 8), the screws were placed in bone 
which had been infected over a long period of time. Personally, I 
would rather use stainless steel than vanadium steel, because I think 
it causes less reaction in the tissues, and I am now experimenting with 
selftapping screws made with stainless steel, but as yet they are not 
on the market. 

I find that Bruce Gill 1 reported four cases of nonunion of bones of 
the forearm in which he immobilized his bone graft with metal screws. 
In Gill's cases, he sjilit the shaft of the bone and slid half of it down 
across the gap to use as his graft and then fastened the two halves 
together with short metal screws. Apparently in his cases the metal 
did no harm, as all four united without complications. Consequently, 
1 do not think that the use of the metal is a serious objection, because 
hi my hands it makes the operation so much easier to perform and 
gives so much better immobilization than I have been able to obtain 
with any absorbable material. 

The second serious objection is that selftappiug screws, or any other 
h pe of screw, will not hold firmly in very atrophic bone, and if the 
fragments are very atrophic, it will be necessary to supplant the 
screws with some other form of fixation. For this I would be inclined 
to use stainless steel wire around the graft and around each fragment 
in addition to the screws. However, I have not operated upon a ease 
of this type by this method. 

the method has the advantages that the operation can be done with- 
out resorting to special instruments; it can be used on almost any 
'Pe nonunion, even in those instances where only a short upper 
lugnient is available; and that the convalescence is shortened, and 
union tends to occur promptly. I believe that the promptness of the 
union is due largely to the very firm internal fixation which is obtained. 

In all of the patients upon whom I have operated by this method, 
union has occurred promptly, and in none of them have there been any 
(-(implications. The series is not large, and, of course, as more cases 
j U j. °I K! ra tcd upon, I shall expect to have an occasional failure, but I 
h u\f. that, other things being equal, the failures will be fewer than 
'HU any other method with which I am familiar.* 
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HIP JOINT FUSION® 

Kellogg Speed, M.D., Chicago, III. 

(From the Surgical Department of the University of Chicago, Dash Medical College, 
and the Presbyterian Hospital, Chicago ) 

J 7 IS difficult to select a title for the few remarks I wish to make, 

because my object is to describe a method of fusion for the hip joint, 
fashioned to meet the requirements of a small but perhaps broadening 
group of hip disabilities. This group, soliciting help from the general 
surgeon, and often passed over by him as representing end-results which 
cannot be bettered by operation, includes the following: 

A. Residual deformity in adults with hi]) dislocation following sup- 
purative coxitis or epiphysitis, which may have occurred years before 
consulting the surgeon. 

B. Painful subluxation or luxation of the hip, caused by trauma or 
disease, never reduced or irreducible except by operation, accompanied 
at times by fracture of the acetabulum or of the femur. 

C. Unilateral, congenital hip dislocation with maximal shortening in 
adults, where a stable, fixed hip may bo required by the patient’s 
occupation and where a shelf operation alone, with possible retention 
of hip motion, is neither feasible nor desired. 

The complaint, common to these patients, is the long-standing or 
painful displacement of the femur from its normal relationship with 
the acetabulum, with or without loss or absorption of the caput femoris. 
The hips are usually displaced by trauma or disease, and the patients 
present shortening of the leg, claudication, telescoping, or loss of the 
head of the femur, and in some instances damage of the acetabulum. 
There are present, also, varying degrees of pain and tenderness, en- 
hanced by use, along with diminished function which lessens earning 
capacity or individual happiness. All results from tuberculous coxitis 
are excluded. Both the surgeon and patient must come to the conclusion 
that a bony fusion of the upper end of the femur to the pelvis will 
promise stability, overcome pain, and lead to greater utility iri weight- 
bearing at work or in play. Any preexisting inflammation must be 
long quiescent. 

The two objectives sought by the surgeon are: first, to regain ns 
much of the lost leg length as possible; and second, to hold this gain 
of length while a bony fusion, in a favorable relationship of femur to 

pelvis, is obtained. 

before II* W« 5 te»» SunUca! Ablation. IVrm.be r 13. 1M«. 

C ‘ BeerWcU for robltelfen. Drcm.W 12 . MS. 
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The mechanical difficulties to overcome are that the dislocation pres- 
ent cannot he reduced and a full length of the limb cannot be obtained. 
It is not feasible to attempt to pull the leg out to greater length and to 
hold it there by embedded skeletal traction until some type of shelf 
or ordinary extraarticular fusion operation becomes strong enough to 
hold the gained length. The acetabulum cannot be deepened and re- 
shaped for the introduction of the denuded head of the femur, because 
the head cannot be pulled down far enough to enter the remodeled 
acetabulum. 




by W 1 I*.,- «vnui» "Un.c (U'awlnj: of shelf operation for hip Joint fusion, aided 

ofl-r surface of n -ei of , llu '" 1 outlined and turned down from the Ilium 

•Irawim- rrnr.-v, of , f ‘ ,,H,r ;l! » l Mura have been freshened with a chisel. The 

liin V lc r< ’ im,r PMlIvd down further than It is possible* to do in di«- 

r,v, ,„ \Z ^r , '' ct r <1 for «“» Procedure, a. Trochanter split out and rcadv to 
net n« t " )on, ‘ nccordlnp to Wilsons method. This bone Is to 

or oMcopi.rtoM« a7r-'r?f t IIc < ncUv1 . 1 , 5 ' ;,ncl maj ‘ ,V? n,dcd by fr7 " rm ' r »-s of cancellous 
ft'-Mun.-d II, ch lI,c racked tinder and around the 

m-hmm-rlr pnrt?on ^ rr,„. ! C > Bon '‘ r '"k driven obliquely throuph sub- 

la Mhd.t M„Cu"r ^,1 SI? 11 . 1 In ,‘° t! "’ !U,,m - Tl,p (,r:nvln r falls to show femur 
»-s a fixation U , ’'i A „ <, 'T P U'ru tr.uion of the Ilium Is desirable as this 

u -»■'* <" support the femur°ab"ve‘ ! <Z ,lnn,y tar ** aml 
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Operative Procedure . — Skeletal traction, by means of a Steinmaim 
pin, is applied to the shortened, dislocated limb, cither through the 
condylar portion of the femur or the calcaneus. The head of the bed 
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fusion. The amount of time required to pull the leg out varies with 
age, sex, and musculature of the patient; a week of continuous, hearty 
traction usually suffices. Gained length is observed by roentgenologic 
examination by portable apparatus while traction is maintained. Ex- 
tensive destruction of the femoral head or the edge of the acetabulum 
may facilitate the procedure and aid the operative fusion by permitting 



a — tim 


Uartlo’n'Vor ‘tuli ' s,m "' n ln Flp. 2. after IjHiik drawn down In continuous skeletal 
tin. tin,,,, | 0 ‘‘•'ij's. was then operated upon. It Is seen that the slndf of hone from 

in n, , r< ' , n turned down into the trochanter. The reamer is now 

t:diU* i 0 ,. In TtV . or . ant, ‘. rlc Portion of the femur ns the patient lies on the Hawlev 
Tin* pn'.ui„n \tVx K traction. Considerable length of lep has been pained over Kip. f. 

»r the reamer Is bolnp checked ln*fore It Is driven home Into the ilium. 


iff* ^ 

'' 1" slide down tin* ilium and to maintain a close approximation 

<W ^'nnr to ilium. When the surgeon is satisfied with t he gain in 
bug! li, the patient is transported in his bed to tlie operating room. 
,l(t :n " h ' 1 i'esia is induced, lie is placed on tiie Hawley table. Only 



744 


SURGERY 


H™ fin J ' m >“ ir<!me " ts ri ttc individual a,,:,. Seldom ire 
than fit, ecu degrees ,s desired. A slight modification of ft” Se 



j-jj- .} -Hip of saint: patient ns shown In Figs. Z anti It. seven months after <>t» ratlon. 

The bony shelf Is well-formed of massive .support!!),; hone. The bum- lots held n> 
maintain length during tills bone formation. The position of the I to:. In slight ntidm- 
tlnn with the train in length obtained by the preliminary trartlon. has overcome mere 
than one-half of the shortening: existing- In the leg- before operation. The patient now 
walks without support of any kind, climbs stairs, and the tec Is gaining- In muscular 
and bony strength. 
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Petersen incision exposes the hip area. The iliopsoas muscle is retracted 
mesially, exposing the wing of the ilium and upper part of the neck of 
the femur. In the position obtained on the table, this is found well 
apposed to the ilium, leaving, however, sufficient space to freshen with a 
chisel the end of the neck or the partially destroyed head and surface of 



pj„ f. 

end-result in a plrl fourteen years old. The bony shelf was 
r> 'nimnts Vvr " lst,,r,< '° *>y •‘■'nine spicules of bone from the tibia. One can still see 
Finn bone V. i area in the Ilium, from which the shelf flap was fashloneil. 

hart amt ‘""owed after eleven months, with freedom of all acres .or v mn. 

> hnin in lej.- volume and streneth. 


* 11 The greater troclianter is tlicn .split vertically downward bv 

t hinel, following the Wilson technic, pried outward without complete 
' pnr.u ion from the shaft of the bone. The surface of the ilium is 
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marked out with a chisel for a quadrilateral bone flap long and wide 
enough to turn down into the split trochanter. This flap takes much of 
the thickness of the ilium and in turning down is cracked across and 
hinged at its base. Its function is purely osteogenetic. If a hole clear 
tin ough the ilium occurs, it need cause no worry. Some osteoperiosteal 
giafts, taken from the neighborhood, may bo packed around this open 
bone, according to Ivey s method. A large reamer is then driven 
obliquely upward through the subtrochanteric portion of the femur into 
the adjacent ilium or upper acetabular area, as deeply as it may go with- 
out complete penetration into the pelvic cavity. The position of the 
reamer may be checked at this stage by roentgenograms. If a satisfac- 
tory angle and penetration are secured, a bone transplant is out from 
the anterolateral surface of the tibia to fit the rcamed-out channel and is 
driven home. No effort is made to round off ihe transplant, 'and any 
excess hone material from the tibia is packed in around 1 lie denuded 
area of the hip. The wound is closed and a double spiea plaster of Paris 
dressing is applied, including the whole of the oporated-upon leg and 
the opposite leg to the knee. 

After twelve weeks, if the roentgenogram shows Ihe position at the 
hip well maintained, the Steinmann pin may be withdrawn from the 
heel or femur, but the plaster of Paris encasement is left on until a total 
period of at least sixteen weeks has elapsed. The roentgenologic exami- 
nation, after removal of the plaster, normally shows considerable new 
bone formation at or about the shelf, with the indriven bone transplant 
holding its fixed position. Within a few days, the patient, is permitted 
to become ambulatory on crutches, wearing an elevated sole on the shoe 
of the normal foot- to avoid weight-bearing on the still forming fusion 
until roentgenologic evidence is furnished of sufficient bone formation 
to withstand the pressure of body weight, partially taken up by a walk- 
ing caliper. This interval may be two or more months, after which the 
raised solo may be removed from the well foot and a walking caliper 
applied to the operated-upon leg. 

During this interval, knee joint motion is restored by exercise and 
physiotherapy applied when no weight is home on the log. 

The patient finally begins to bear weight without crutch or splint sup- 
port, using a minimal additional thickness of sole under the short leg to 
avoid pelvic tipping and spinal deviation. A rapid, safe functional tisr 
of the limb develops along with increased power ami muscular volume. 

This ultimately leads to increase of bone strength in the operated-upon 


jfcrr. 

One of mv patients is now performing active work as a fanner, one 
ms a business secretary. They walk with some lameness which is P»»«- 
1 « and are able to climb steps readily. This procedure is ot value ... 

Ihis a feeling «t *n»*r "> *>» I*" 1 ""' " 
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distress of a sliding, painful hip, and in regaining some of the lost leg 
length. Prom an industrial standpoint, it also reduces the permanent, 
total disability. 
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TREATMENT OF FRACTURE OF THE UPPER JAW 

Vilray P. Blair., M.D., James Barrett Brown, M.D., 

Louis T. Byars, M.D., St. Louis, Mo. 

T^HE upper jaw, surgically considered, includes all of the bones of 
the face except the inaudible and frontal. It forms the framework 
of the middle two-fourths of the face, gives support to the nose and 
anchorage to the upper teeth, and constitutes the roof of the mouth, 
the floor and walls of the nasal cavity and of the orbits, and entirely 
bounds the maxillary antra. Here fracture lines disregard anatomic 
boundaries (Fig. 1). 

In the oral portion, the bone is of considerable thickness, is densely 
cancellous, and is buttressed by the pterygoid process behind, the 
malar buttress laterally, and the base of the frontal processes in front. 
The upper part of the maxilla is made up largely of thin, dense plates, 
which, besides partitioning off the facial cavities, form a trestle that 
distributes the attachment under the whole of the anterior half of the 
brain case. 

Fractures of the alveolar process of either jaw fit roughly into three 
classes: In one, a section of the outer or inner table is pushed buccnlly, 
labially, or lingually, and frequently carries teeth with it. In the 
second type, a mass of alveolar process, including the contained teeth, 
is torn loose from the body of the bone; anil in the third type, the 
plaue of fracture is more or less vertical and fransverses both the 
alveolar process and the body of the bone. Alveolar fragments are 
not apt to become entirely detached, and the mucoperiostcum which 
carries a good blood supply is so closely adherent to the alveolar bone 
that the vitality of these fragments can usually be preserved. In some 
instances, an area of bone becomes shattered into rather small spicules, 
usually mixed with fragments of roots and even of the crowns, driven 
deeply into the bone. If in such a ease the comminution is limited to 
the alveolar process, the immediate removal of all detached pieces 
will likely save a long period of suppuration. If the comminution ex- 
tends deeply into the body, especially of the lower jaw, then it might 
be safer to waif until sufficient, hard callus has been deposited to 
insure preservation of both contour and continuity. 

In every type of block alveolar fracture, the fragments and still at- 
tached teeth' should he replaced as accurately ns possible and retained 

Received for publication. D«-en,b-r H. 1«G. 
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either by dental ligatures or some more formal dental appliance. If 
it is thought that any teeth can be retained after the bone has united, 
the dentist should have the privilege of seeing them early. 

The upward tilt of a stellate fracture of the palate usually requires 
only replacement by pressure made from within the nose. 

In the upper maxilla, actual tearing apart of the fragments can 
occur from great violence, but more commonly it is fissured, com- 
minuted, or impacted without complete rupture of the periosteum, 
more or less resembling the crushing-in of a portion of an eggshell. 
Breaks in the zygomatic processes have more the character of long 
bone fractures, including the possibility of displacement by muscle pull. 

Fracture lines above the palate can go in any direction, but besides 
a possible vertical separation of the two halves of the maxilla, there 



ttir> 1 r:i 1 cl '!re lines. An alveolar body fracture is shown running from between 

n lor „ uuhI V 1 , or disappearing around the antral wall on subject'*? left. The 

. nc ^ type.*? of body fracture are: 

nasal ^«T« tra ^ vcr * Ke ^ traVcr * <,in K the maxillary bone, through the antra and the 
the C 'i i the palate bone and the vomer. Posteriorly It likely traverses 

Proce«J« a , c and fractures either the palate bone or the pterygoid 

l * or *he sphenoid bone. 

the"frnn»rt2l. tnir, syer*e— traversing the right temporal fossa, through the orbit via 
iachrvm»*! Z ‘ * sphenozygomatic suture*, the Inferior orbital fissure, the ethmoid, 

‘ *• |na xillar>* (frontal process), and nasal bones and vomer. 

inferior' (malar) fracture — traverses the zygomaticomaxillary fissure, the 

usunllv i n ensure, the sphenozygomatic. the zygoma tie frontal sutures with 

broken?, of fracture of the outer wall of the antrum, The zygomatic 

»K*c«rV at , ' 0m P°rnl bone can be fractured anywhere, but the separation usuallv 
I ,lS ■e lnc dl°h with the temporal process of the zygomatic hone, 

the fracture. not here shown, is a backward shifting of some or nil of 

rfitjv the o r » tlw* orbits*, tin* zygomaticomaxillary suture*. inohjfllng. po<- 

n tom mifiiJi/ 0 **’ minimal part of the maxillary bom*. Tills of m-cesslty includes 
Ti o mi ”° n ** u ‘ h'ndnne and processes lying deeper in the facial structure. 
*i}j nti m, ' nnt rather to suggest tin.* mo*l Ulcely course that tiie line*? 

1 9 Probaht.! *», t l l ,' y t » partl . cuJrir lv i M ‘ of fracture, but types may r mrge or mix. and ft 
that tht-se lines might vary In Individual types. 
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are four somewhat distinct types of body fracture. The first is along 
a transverse plane, partial or complete, through the antra and nasal 
cavil} , maybe with incidental radiating fractures, but usually with 
little or no tearing of the oral mucosa. The whole intraoral mass, or 
a portion of it, may be quite movable, in which case it is treated as 
will be described for complete transverse fractures through the orbits. 
If there is any impaction, the displaced fragment should be freed be- 
fore fixation is attempted. 

Another plane of transverse fracture is through the orbits and nasal 
cavity. This, or the one just referred to, may be but a fissure in the 
bone with little tearing of the covering, to be detected only bv clicit- 



•> Upper transverse fracture. .1. Shows the ilown-ilrop of the face when 

the patient entered hospital. It. Shows the face made shorter and apparently wider 
after the sapf-'ins,- mnxfUarv mass had been broucht to Its proper position. 


ing a slisrht movement while grasping the vertex firmly in one hand 
and dental arch with the thumb and fingers of the other; or the wltohi 
detached mass can sag down one-half inch or more, giving n ehnrnr- 
teristie elongation to the face (Fig. 2). This fracture may be compli- 
cated by extension into the brain case and tearing of the dura. There 
mav be mi injure to the sixth nerve, or the optic nerve may he ernshed 
or divided Blindness in one eye following this type <»f injury is mud. 
more frequent than might be supposed, but it so happens that we have 
never seen or heard of its bilateral occurrence. Xo matter Imw slight 
S mobility, the possibility of a fracture into the base should alwais 

be considered. 
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are four somewhat distinct types of bodj- fracture. The first is along 
a tians'verse plane, partial or complete, through the antra and nasal 
cavity, maybe with incidental radiating fractures, but usually with 
little or no tearing of the oral mucosa. The whole intraoral mass, or 
a portion of it, may be quite movable, in which case it is treated as 
will be described for complete transverse fractures through (he orbits. 
If there is any impaction, the displaced fragment should be freed be- 
fore fixation is attempted. 

Another plane of transverse fracture is through the orbits and nasal 
cavity. This, or the one just referred to, may be but a fissure in the 
bone with little tearing of the covering, to be detected only by elicit- 



Fif, 2 Upper transverse fracture. A. Shows the down-drop of the face when 

the patient entered hospital. B. Shows the face made shorter and apparently wider 
after the sagging maxillarv mass had been brought to its proper position. 


j, 2 g. a slight movement while grasping the vertex firmly in one band 
and dental arch with the thumb and fingers of the other; or the whole, 
detached mass can sag down one-half inch or more, giving a charac- 
teristic elongation to the face (Fig. 2). This fracture may he compli- 
cated by extension into the brain case and tearing of the dura. There 
may be an injury to the sixth nerve, or the optic nerve may be crushed 
or divided Blindness in one eye following this type of injury is much 
more frequent than might be supposed, but it so happens that we have 
never seen or heard of its bilateral occurrence. No matter how slight 
the mobility, the possibility of a fracture into tiie base should always 

be considered. 
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appropriate upper and lower teeth or by a dental splint. There being 
no muscle pull to overcome, neither the wiring or the tooth anchorage 
need he as strong as in fracture of the body of the mandible. If there 
are no remaining teeth, the patient’s dental plates can be made into 
a splint, as in treating an edentulous fracture of the lower jaw. Either 
plan will maintain the proper relation of the jaws to the face, even 
when the lower jaw is also badly fractured, this being dependent 
upon an acquired habitual tension balance of the muscles of mastica- 
tion. (Fig. 3.) 

In most lower jaw fractures, the earlier the reduction and fixation, 
the better,- this is true of gravity displacements of simple transverse 
fractures, but with extensive impactions of the upper loeulate part, a 
week or ten days on the average had best elapse before disturbing the 



simwo' it. Ovcrcorrcct'on of a sagclng jaw after a lower transverse fracture. A, 
cant I mt 111? rein tlon of the dental arches three months after Injury, the result of 
anterior SncnV 01 ' ' ( . ,nR to ° «nerpetlc up-pull. The septum was bent, and the 
s ^ no * the floor of the nose, and the base of the columella were also 
rcstoiii «.i!E5 ar ‘ *' civ,n K a “hooked” appearance to the nose. IS, Shows relations 
bv w . er , c ,n?l de possible by the free use of a chisel. Teeth are held in place 

in tli i** lower wire ligated to the neck of each second bicuspid. Feeding 

It U V^i** 0 * through tlie space resulting from the loss of the left lower molars, 

the ‘.iS 11 * sufllcient semisolid food cannot be taken through the mouth while 
a vnVdl rii? i ‘ l05 #1 nrc fastened togetlicr. but in any event, it can be forced through 
caua ier that rests in the upper esophagus and passes through the nose. 


comminution. One reason for recommending tin’s interval is to give 
bine for a possible spreading infection from quiescent foci to become 
‘ 'ident, and to avoid the possibility or the imputation of having ag- 
{-nuated t his complication. Further, tin's time might he profitably 
used to improve the general and local condition of the patient. This 
inhibition refers particularly to the forceful and difficult breaking tip 

" f '"'pactions, hardly to the molding and replacing of already loose 
Augments. 
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sbT^Xii * mi "? “ cur ' 

ivcclts, being alert to a possible increase of tl„r fo1 ' ,,lr “ 

*■ - a real i. 




B. 


Fir, 4, Temporary elevation of the sagging Jay. A, Kingsley type of splint 

with lateral outriggers made lor the case by Dr. J. A. Brown, of St, Louis. IS, 
Shows the splint in position supporting the jaw by means of a slight, elastic, upward 
pull of a strip of rubber dam. 


tlie same as for fractures through the substance of the lower jaw, 
namely, fixing the dental arches in occlusion either by wiring together 
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occlusion which could seriously compromise an otherwise good result 
(Fig. 5). For this reason the jaws should be fixed in occlusion within 
two or three weeks after injury. 

Another fracture displacement of this region is of the zygoma or 
malar bone, and this is almost always impacted. One common dis- 
placement is inward and backward ; another is slightly downward, 
and outward and backward, which latter displacement may interfere 
with the forward movement of the eoronoid process of the mandible, 
thus limiting mouth opening (Fig. 6). In either instance, the con- 
tinuity of the lower, or lower and outer orbital borders, and of the 
floor of the orbit is more or less disturbed. One of the most commonly 
slighted complications of this fracture is a downward or backward 
displacement of the globe, because it is so easily overlooked in the 
earlier period (Fig. 7). 

The classic way of freeing malar impaction is by leverage or trac- 
tion from without. Gillies has proposed a very practical plan of 
exerting powerful leverage by inserting a long steel elevator through 
a small incision above and behind the ear at the temporal ridge. The 
instrument passes under the temporal fascia until it enters the an- 
terior part of the zygomatic fossa where it is in an advantageous posi- 
tion to manipulate the body and the temporal process of the zygoma. 
This approach has the advantage of being quite simple to execute, 
through a larger incision we have used this approach to chisel an old 
null union and to insert an ivory pillow-block under the end of a mesially 
displaced zygoma. Because of the considerable number of late cases 
that we have seen in which malar fracture was followed by a permanent 
slump or retraction of the globe, wo have been rather routinely follow- 
m " n different, plan. Observation of a considerable number of penc- 
il nting wounds of tbe antrum with all ordinary types of war missiles, 
hi various stages after injury, seemed to make the attempt justifiable, 
.usually under a general anesthetic, the mucosa is incised, and a chisel 
is driven into the antrum above the first molar or premolar teeth, the 
<hisel frequently entering the fracture line. Good leverage for free- 
impaction of a mass displacement of tbe malar bone can be 
md by inserting a heavy curved urethral sound within the antrum. 

us combined with digital manipulation from without usually gives 
■satisfactory control. If there is much comminution, especially of the 
"ibitn] Poor, the anterior wall of the antrum is pried outward stiff], 
‘"n'l} to admit the examining finger, whieh assists in the molding 
aftei the major impaction luis been completely freed. Perfect resfo- 
r atum of contour may be very difficult, or impossible, mostly on ac- 
<(, uut of a slight but persistent flattening of the zygomatic prorni- 
!l 'Uce. Move perfect correction might in some cases be obtained bv 
Using both the mtranmxillury and the temporal approach. Through 
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Usuall3' the orbital contents need no local attention in the upper 
transverse fracture. An incidental downward displacement of the 
eyeballs should in uncomplicated cases be autoniaticallj r corrected by 
the raising of the maxillary mass. Unless symptoms dictate other- 
wise, antral drainage is omitted in lower transverse fractures, but 
patulence of the nasal passages must be assured. Fractures in either 
the upper or the lower plane may cause obstruction to nasal breathing 
simply from mucous swelling, if not from bom - displacement, and this 
swelling might also extend to the mouth and pharynx, so that immediate 
fixation of the jaws in occlusion could seriously embarrass respiration. 



a. ' a. 


Fig. 6. — Open fracture. A, Shows natural healing: of a wound with outward and 
downward displacement of the zygomatic bone. B, Shows the result of loosening 
the displaced bone and fastening it in a fair position where it was held by one 
removable, very fine silver wire loop and numerous fine sutures of triple A white 
silk, tlie silk sutures were placed mostly through periosteum or adherent scar. A 
partial repair of the soft tissues was then made, and some pieces of cartilage were 
implanted. Later the final soft tissue adjustment of the lids will be completed. 



Fiir 7. Displacement of tlie globe. A, Shows a residual flattening of the malar 

eminence and the downward and backward displacement of the eye in a patient 
with whom the preservation of life and not the position of the bones was tlie al - 
absorbing consideration for many weeks after injury. B, Shows the improvement 
which resulted from rearrangement of the soft tissues and implantation of caitihg 
and small amount of a plastic fillei. 


Gravity displacement in the predental-fixation inter 
simply and very effectively controlled by tlie use of a 
reversed, field up by a slightly elastic pull or some 
ac tiu" appliance (Fig. 4). This splint was formerly 
proper permanent fixation for these sagging fractures, 
comminution at tlie line of fracture, the upward pull 
come over-, or inaccurately, correct, thus causing a 


•im can be most 
Kingsley splint 
other similarly 
regarded ns a 
but if there is 
can easily be- 
discrepancy in 
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the latter, the chisel might be judiciously used. The contour of the 
cheek bone can be estimated with fair accuracy bj r standing behind 
and above the patient, with the ball of one index finger on each malar 
eminence and sighting down the midline of the face, checking the 
forward position of the dorsal surface of the fingernails on either 
side, using the line of the brows as a guide. Some allowance may have 
to be made for swelling on the injured side. The examining finger 
can ordinarily invagiuate the lower lid and feel the lower orbital 
border and one centimeter of the floor. When this part of the zygo- 
matic bone has been pushed downward, the finger can feel still fur- 
ther in. Cai’efully palpating under the upper border of both orbits, 



(hr. f r ‘ *«Mvc push-back fracture. .1, Shows the receding of the middle part of 
n (i-imlnn. i 1 10 fnc0 - This would appear even more pronounced were It not for 
retraction ../"iT * n ** ,c right side of the mandible which caused an Incidental 
1 1 ) cxmn.lie .. cl ’ ln - R. Shows the Improvement In appearance brought about by 
ntnl Io ' v< r Jaw and bridging the gap with a bone graft from a rib, 

tlio maxliin tl,< ' rbeelts, upper lip. the ala. tip of the nose nnd the columella on 

iTvs'd,*. 1,111 I •'ehtum. It Is likely that the still remaining Infraorbital de. 

allot. The 1 , '‘llmlnatrd l>y the use of cartilage Implants. So much for appear- 
ha*.., | phnrvn 11 'award position of the lower part of tlio maxilla lias crowded the 
Hunt of lie-id 1. *’ ,l resulting- embarrassment to tbe eiistnehlan tubes and irnpalr- 
tbri.it „f The latter Is Improving under tbe care of an otologist, but tlie 

"null be i"’"' ban n °t been entirely removed. Tbe writers do not believe It 
anoth, r "’’TOTy to attempt to tiring this Jaw forward nt this late tlm*-. Jn 

not te In "bleb. In spite of tin- best of otologic care, tlie hearing could 

and the , •be hone of the palate pronss, the septal part of the vomer. 

,«' r , bart of the Inferior turbinate lmne« were removed, and the soft" 
111 one care' palate sutured. This resulted In a practical restoration of the bearing 
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Enough of tlie pack is allowed to protrude into the buccal fornix to 
maintain some elevation of the outer wall of the antrum (Fig. 8). The 
cavity can be irrigated daily through the tube, and the gauze is re- 
moved two or three weeks later. The thumb pressure on the cheek 
partially replaces the everted antral wall, and the irrigation is con- 
tinued for some days or longer. The final replacement of the raised 
part of the antral wall seems to come from muscle pressure. Where 
there is no tendency for bony displacement to recur, the packing may 
be omitted, but the drainage and irrigation should be continued for 
a few days. 

In the past eighteen years, we have so treated quite a number of 
antral fractures and have had no real complications, with the excep- 
tion of two that we can i*ecall. In one, the bone was released and 
replaced and the antrum packed a day or so after injury. There 
resulted an acute reaction followed by some necrosis of the antral 
mall, but the symptoms cleared up, and the fistula closed after im- 
moral of a piece of exfoliated bone. This may have resulted from too 
early interference. The other ease so treated ten days after a wide- 
spread injury suffered recurrent attacks of swelling, fever, and pain 
Rt intervals over a long period of time. These attacks ceased after the 
#ntnun was opened and a mass of sear, probably including some 
sequestered particles of bone, was removed. 

A fourth rather distinct type of maxillary fracture is a bashing-in 
of the central part of the face, usually involving the nasal bones, 
frontal process, inner part of the intraorbital border, and perhaps a 
varying amount of the lateral borders of the nasal fossa, or maybe 
the whole lower part of the bone. This may be on one side or bilateral. 


tV hen seen before malunion occurs, more or less satisfactory reposi- 
tion ol the displaced bone can be accomplished with a chisel, and 
leverage applied from within the nose and through the anterior wall 
of the antrum. The released mass might have to he held forward by 
a wire armature, which, pushing from within the nose, gets its footing 
f">m a dental splint, a plaster head-cap, or a fracture helmet. The 
( cutal splint type is usually the most satisfactory. If the backward 
foice was applied to the lower part of the bone, the dental arch, bard 
fi'datp, and pterygoid processes may all be pushed back until they 
( io\ul (l| C nasopharynx. If this is not corrected, the persisting lack 
of occlusion and evident facial deformity may he of minor importance 
compared with the permanent impairment of hearing that can result 
'"in crowding of the eustnehinu cushions and orifices. (Pig. fi.) ]f 
| f'Uve is applied high up on the nasal bridge, the nasal bones can 
" pushed backward between the frontal processes, or the bony areli 
! m " ht fluH'm out, pushing the inner orbital border outward, so ns to 
impinge on the orbital cavity (Pig. 10). To correct either of these 
'Inln'mities when seen early, one might find it convenient to work 
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CHRONIC SUBDURAL HEMATOMA: A CONDITION THAT 
FOLLOWS EVERYDAY ACCIDENTS 

Winchell McK Craig, M.D., Rochester, Minn. 

(From the Section on Neurologic Surgery, the Uayo Chnu>) 

A GREAT deal of attention lias been directed toward the 
A and treatment of acute injuries of the head-, m 
such injuries, emphasis has been placed on immediate ^spitalizMm , 
vest in bed, observation, and treatment of complications * * • 

However, insufficient attention has been directed towar 
sequelae of mild injuries of the head that are accompanied by ffii.M o 
no surface trauma, no evidence of fracture, and so e s 
disability at the time of the accident that the activities of the patient 
arc not curtailed. Among the latent developments m these cases a 
the so-called posttraumatic syndrome which consists of lieadadies, g 
eralized weakness, unstable emotions, and su i uia ema 
treatment of the posttraumatic syndrome consists ° , 

istration of sedatives, and encephalography in se ec e cases, 
hematoma requires operative removal. 

Chronic subdural hematoma has been confused with pachymemngi is 
hemorrhagica; in the minds of some surgeons an pat 10 ogis s 
is a question as to whether the pachymeningitis hemorrhagica _is the 
result of infection and causes the accident or nhetiei tie c iron c 
dural hematoma develops after the accident, from a tear m 10 
veins associated with the longitudinal sinus or fiom a teai m ie 
itself. Putnam and Cushing expressed the opinion that there were w 
types of hemorrhagic subdural hematoma, (1) the \ascu ai type w i 
is seen frequently at necropsy on patients who ha\e ie o c ironic 
alcoholism and chronic wasting diseases, and (2) the icactne oi ran 
matic type. The recent literature on the subject, pxoies t. rnt c ironic 
subdural hematoma is a much more common condition than ms lcic o 
fore been suspected. When the condition is diagnosed early and treatcc 
surgically, restoration of the patient to normal and the relief of severe 
symptoms in the postoperative period are dramatic. Subdural hematoma 
may occur at any age and may affect cither sex, but it seems to ie 
more frequent among men because of their greater exposure to injury. 
Snlulural hematoma should be suspected in any case in which symptoms 

. . t • j • y * » „ tiiivn/umiliul fl I 


Hlural hematoma should he suspected m any 

increased intracranial pressure or intracranial difficulties dove op 
from a few days to months after an injury to the head. The usim 
points in the history ’ ’ ’ “ s,: 1 "° 1 ' 15 


nonius aucr uu 

arc headache, vomiting, gradual diminution m 

Uw i.uW!oatlf»n, 2 C, 1936, 


701 
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directly through one or more local skin incisions. If seen after bony 
consolidation has occurred, regardless of the type of fracture or dis- 
placement, it is not often that anything much can be gained by at- 
tempted late bone adjustments. Displaced bony masses, such as im- 
pinging orbital borders or protruding corners, might have ■ to be 
removed, but beyond this building-up the depressed or lacking areas 
with cartilage or some soft tissue transplant other than free fat will 
give the best corrective results. 

Open and gunshot fractures of almost any kind can occur with or 
without an actual loss of bone or maybe its covering. The ordinary 
indications for their treatment are: (1) to care for the general con- 
dition of the patient, (2) to remove no attached fragment of bone, 
(3) to fix displaced fragments in proper position, and (4) to not com- 
promise the result by any strained attempt to immediately close soft 
tissue rents. 

Intraoral losses of maxillary bone are best compensated for by a 
dental prosthesis. To make this feasible may require the release of 
abnormal tissue adhesions, implantation of skin grafts, or the switch- 
ing of mucous or skin flaps, but if all or a greater part of the intraoral 
mass has been lost, the prosthetic dentist should have access to the 
care before the soft tissues have become contracted by sear. (Fig. 11.) 
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which had been followed by a severe headache which ^ ^^fledaUves had been 

i».~ 5 >'•« « “ :rr”in« 

administered, and she had been sen , of !iea( ] ac he and was 

When she was admitted to the hospital, s re con ataxia _ The temperature 
emotionally upset. Examination revealed nys ng limits W e were inclined 

was 102° F., and the blood pressure was "t d hemorr hage following the 

to suspect a chronic subdural hematoma or temperature was 

cranial injury. The day after ^disappeared, and the child 

normal; there was slight ataxia, u Ophthalmoscopic examination did not 

was clear mentally and stable emotiona >• hemorrhage on the nasal border 

reveal choked disks, but there was a small r • subdural hematoma was 

* the left optic disk. A of papilledema and 

made and operation was considered, b tient operation was post- 

because of marked improvement in the cone i 10n . , hieh was under increased 

poned. Spinal puncture revealed yellow cerebrospinal fluid^n ^ ^ ^ £ph)al 
pressure. The condition of the patient uas mu ^ symptoms all disap- 

puncture, and daily punctures were done or ^ v ® ^ completely "relieved. 11 or con ' 
peared, and when the patient was dismisse , . ‘ , + vas caused bv a sub- 

dition was not the result of chronic subdural hematoma, but 

arachnoid collection of sanguineous fluid. 

t„ c ,, M follow^ >'"■*» sir;: 

of the tisc of this procedure m yow» ^ >nd trcnlm eut of acute 

some controversy over its place m the d < r . .. , w ctv is almost 

conditions, hut in the chronic or delayed eon* „, c 

assured. The foregoing case is proof of its IP }nal puncturc is 
presence of papilledema or choked disv , * 

contraindicated. .„ rc and if it aft’cc'.s 

Chronic subdural hematoma may ocem * < . J ’ , nermanent. 

infants, the damage to the l,rain is sometimes ^ c ■ J child fillls 0 ut 
The following case illustrates what may liappoi 

of its crib. , 

i.rmmht to the clinic by his parents be- 
F.\sr. 2. — A boy. ten months of age, «us - j an) , :iu ,i h'g, and because 

cause of generalized convulsions, which invow< 11 interest because tlie cliiid 

veakaoss in the left arm find Icp. T* 10 * • 1IIO tl,or had been in labor 

hud been delivered through a cesarean section •> Ul0 ba j,y had fallen out 

for approximately four hours. At the age 0 *• • ' , , jnst the wooden bar 

<>f his crib and had been found with the line « 11; external evidence 

« .»..!»«, *.« to the thiur. The "^“t .tUM * M 

of injury had not been present. At the ago ^ nn tllP right fore- 

fulUm out of his crib, and at this time a brm. • ^ „,. npn aize«l convulsion which 

la-ad. Three hours after the accident, there h.u ' j {(f lwo ,l„ V s another 

itad basic, 1 from twenty to thirty minutes, and after a rnnvll ' Is io n s had 

generalized convulsion had occurred. Shortly • following the convulsion 

bwti ^nvcKl<s\ by a jorV»U£ of tbo l**f( nrm on* * 

bud boon a «b*fimt<* wvakno*? of flu* ontiro Irft . 

Examination at the clinic revealed that the child was well nourish.-. >m ina tew 
Uve and slow in response. The head was larger than normal and n rradr T- ^ 
and a l, mil were pre-nt over the neeipitnl region. There was a > •*» i • 

of the h.u arm and leg. which was more characteristic of a • 

i .’.rah sir. The uwistpenologic examination of the head re wale, i igi ,ui 
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visual acuity, diplopia, convulsions, and mental disturbances. No one 
factor is common to all cases, and in spite of the fact that,' localization 
of the hematoma is fairly constant over the convex portion of the eere- 
bial hemisphere, the finding's on neurologic examination are extremely 
Amiable and frequently so confusing that in order to make the diagnosis, 
it is necessary to resort, to ventriculography. 


The fact that subdural hematoma occurs after trivial injuries to the 
head brings up the question of the mechanism of the development of 
the blood clot. Most of the investigators have concluded that the source 


of hemorrhage almost always is one of the branching veins running from 
the cerebral cortex across the subdural space into the superior longi- 
tudinal sinus. Once the clot lias formed, the latent period is rather 
difficult to explain. Zollinger and Gross' explained that liquefaction 
probably takes place within the clot, and that the wall of the sac acts 
as a semiperm cable membrane. They further stated that the fluid con- 
tents of the sac, which have a higher osmotic pressure than does cere- 
brospinal fluid, increase in volume as a result of osmosis, thus gradually 
distending the sac. This explanation has been questioned, but up to the 
present time it seems to be the most satisfactory solution of the problem. 

The treatment of the condition is entirely surgical, and osteoplastic 
flaps formerly were reflected in all cases. Later, Fleming and Jones 
suggested two trephine openings, one placed posteriorly and one, an- 
teriorly, for the purpose of aspirating and washing out the contents of 
the sac. McKenzie has recommended the removal of the contents of 
the sac by suction through a small opening in the bone and subsequent 
drainage of the subdural space for forty-eight hours. Just as is the 
case in so many surgical conditions, no single procedure is applicable in 
all eases, and while the aspiration of the contents may he tried through 
one or two openings, an osteoplastic flap should he reflected in those 
cases in which the clot is still partly solidified and extends beneath the 
temporal lobe. On one or two occasions, subdural hematomas which 
apparently had been removed through one or two trephine openings 
have been exposed through an osteoplastic flap, and the residue of the 
clot was found to he causing a residual of symptoms. After (he entire 
clot had been removed an uneventful convalescence followed. It is true 
that some trivial injuries to the head are followed by symptoms which 
simulate those of chronic subdural hematoma but which respond 1o move 
conservative treatment. In order to emphasize this point, the following 
ease is reported. 


r .„ F 1 __ A little girl who was scut to t)ic clinic ii:nl fallen from a tree and 
• • i,nr head three weeks previously. The accident had not keen considered 
in ^. q n fIlc child had been allowed to he up and about, and she had attendee 
T Ti e dov before she was brought to the clinic, white she had been in school 
JtaSl tWalized convulsion which had lasted about thirty tn, antes and 
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tionable localization, it was decided to make a ventriculogram. Trephine openings 
which were made over the posterior horns, disclosed that the .dura was discolored 
on both sides. When the dura was incised, dark blood escaped. Trephine open- 
ings were then made anteriorly, and 250 c.c. of a liquefied blood clot was removed 
by means of suction (Fig. 1). Immediate relief of headaches and vomiting fol- 
lowed the operation, and the choked disks began to subside. The patient was 
allowed to return to his home on the tenth day after operation and has been per- 
fectly well since that time. 

This boy had choked disks, severe headaches, and vomiting; and he was be- 
coming dehydrated. His symptoms had appeared six weeks after a minor injury 
to the head. The hematoma was bilateral and had become completely liquefied, which 
allowed removal through multiple trephine openings. Bilateral hematomas are 
common and should be suspected in all cases in which removal of a hematoma on one 
side is not followed by relief. 



I In. t. Bilateral hematomas removed by dual openings, suction, and irrigation. 

Sometimes t lie injury lo the bead is severe enough to cause uncon- 
sciousness but little else. 


I AH5 ' '' farmer, aged sixty-five years, had been working in a barn, and a 
Gallon on him. When found, he had been unconscious for six or seven 
^ urs, he had been removed to his home. After he had recovered consciousness, he 
' ori >pl. lined of soreness in the neck, which had lasted for a few days, iiut lie had 
• ri” ^ *° ri * ,lrn *° "ork. Six weeks later lie hud complained of occipital head- 
itn-.,’, vmni,in h’. and general weakness. These symptoms gradually had 
, ’ J .' ,n ‘"'enty, and both lower extremities had become weak, which had 
it.it/d hi« confinement to bed. He was brought to the clinic in an ambulance. 

rcynled a choked disk of three diopters, which indicated an in- 
»n ibtr.irrnninl prepare. T|„. r ,. was definite weakness on the right side of his 
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separation of the sutures. The anterior fontanel was still open. There was no 
papilledema, and the entire examination of the eyes did not reveal any abnormality. 
Lumbar puncture was performed, and on examination the spinal fluid was found 
to be normal. Because of weakness on the left side and because of the jacksonian- 
like convulsions, it was suspected that a lesion involved the right motor cortex, but 
because of the enlarged head an internal hydrocephalus also was suspected. 

Under local anesthesia, a lumbar puncture needle was inserted through the outer 
margin of the open anterior fontanel on the right side. The needle was inserted 
to a depth of 4 cm. but no fluid could be obtained. The needle was gently with- 
drawal, and when it was just inside the dura, a large amount of sanguineous fluid 
was aspirated. Tiiis indicated an external hydrocephalus rather than an internal 
hydrocephalus. After 30' e.c. of fluid had been removed and the same amount of 
air had been injected, roentgenograms revealed that the collection of fluid extended 
over both cerebral hemispheres and that the condition was a true external hydro- 
cephalus. Following the aspiration, the condition of the patient improved, and 
for that reason a larger amount of fluid was withdrawn two days later. The im- 
provement was only temporary, however, and after three aspirations it was decided 
to reflect a small osteoplastic flap in order to determine the true nature of the under- 
lying condition and to attempt to relieve the condition. 

Under local anesthesia a right craniotomy was done, and the very thin, bone was 
reflected. The dura was bluish and appeared similar to the dura over a chronic 
subdural hematoma. When the dura was incised and reflected, a hemorrhagic mem- 
brane was encountered, which identified the lesion as a true chronic subdural hema- 
toma or pachymeningitis hemorrhagica and indicated that the condition was probably 
the result of trauma to the head. The sanguineous fluid was aspirated and the right 
cerebral hemisphere was found to have shrunken; the convolutions were atrophied 
and covered with engorged vessels. A Penrose drain was inserted for permanent 
drainage. For a few days after operation, the patient improved definitely, hut this 
was only temporary and the child died on the ninth postoperative day. Necropsy 
revealed a pachymeningitis hemorrhagica which extended over botli hemispheres. It 
also disclosed thrombosis of dural lateral sinuses and marked dilatation of the longi- 
tudinal sinus, especially over the occipital region. The torcular Ilerophili was 
about three times its normal size. This probably accounted for the bruit which 
could be heard when the ear was applied to the occipital region. There mis a large 
distended vein which extended into the medulla and cervical segment of the spinal 
cord. At first this distended vein appeared like syringomyelia. There was also a 
thrombosis of the right Rolandic vein. 


The presence of bilateral lesions should be suspected in all cases of 
chronic subdural hematoma. The following ease illustrates a satisfac- 
tory method of treatment through multiple trephine openings. 


Case 3.— A boy, aged fifteen years, lind been kicked by a horse two months before 
he was registered at the clinic. He had been knocked forward on his face and head 
as a result, but he had been able to return to his farm work immediately. He had 
been in excellent health for the following six weeks and had not had any residua! 
symptoms. He had then begun to have sharp headaches, which had conic on 
esnpciallv when he blew a musical horn. Four days after the onset of these head- 
aTrShad iZn to vomit and had vomited every day for a week. The vomiting 
had been definitely projectile. He had not had any convulsions. 

‘ Roentgenologic examination of the head did not demonstrate the presence of 
Examination of the eyes revealed choked disks of three diopters. A di. g 
fracture. - ‘ intracranial lesion, probably subdural hematoma, was made. 
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was somewhat ataxic, which was suggestive of a cerebellar lesion. A ventriculogram 
revealed that the entire brain was displaced to the left, which indicated a lesion m 
the right frontal region. An osteoplastic flap was reflected, and the dura was found 
to be blue. When it was opened, there was a gush of sanguineous fluid within an 
organized chronic subdural hematoma. The blood clot, together with its capsu e, 
was removed, and ti.e wound was closed. The patient recovered completely and was 
dismissed from the hospital on the fourteenth day after the operation. 

In this ease, the entire hematoma could not have been remo\ ed through 
multiple trephine openings because of its extent and consistency . 

Automobile accidents, however trivial, may be followed by latent 
symptoms of intracranial bleeding. The following case is moie or less 
typical of the progress in such a ease. 

Case 0.— A bank president, aged sixty-eight years, was brought to the clinic in a 
stuporous condition. Seven weeks previously, while he had been riding "iti 
daughter in an automobile, the car had overturned, and he had sustained an injury 
to the head which had dazed him for a few moments. He had been perfectly we 
for five weeks following the accident, when he had noticed that his right leg dragge 
He had joked about this to his family and to his colleagues, and no significance m 
been attached to it. While he previously had been well known for his accuracy, ns 
colleagues at the bank had found that he was beginning to make mistakes. Soon 
his family laid noticed that he was doing and saying things that he had not done or 
said before. He had been advised to take a vacation. At that time he had been 
mentally confused, and there had been definite weakness of the right leg. M lien 
he arrived at the clinic, lie was practically comatose. 

Examination revealed definite weakness on the right side of the body, including 
'be right arm and right leg. The patient could be aroused only with difficulty. He 
bad a choked disk of three diopters. A diagnosis of chronic subdural hematoma of 
»f 'bo left cerebral hemisphere was made because of the change in personality and 
weakness of the right side. Operation revealed discoloration of the dura over the 
b'ft front omot or region, and an organized blood clot was removed through an 
osteoplastic flap, which was necessary, as the clot could not be removed through 
trephine openings (Fig. The entire brain had been displaced to the right side. 
The cavity on the left side was tilled with physiologic saline solution, and the wound 
was dosed. The morning after the operation, the patient was sitting up and joked 
about his illness. He had complete control of all his mental faculties. His family 
paid that he was more like himself than he had been for weeks. He has eompletely 
ns'overed and is working every day. 

flight injuries to t lie head which arc almost loo trivial to ho moil* 
tinned may ho the cause of hematomas. Frci|Ucntly, when no mention 
of "" injury to the head has been made in the preoperative history, the 
patient can recall such accidents only with difficulty. 


' a si, 7,- A pat ient who had been in coma for fine days was brought to the ho*- 
l'ilat on a stretcher. His sister m law accompanied him to the clinic, but as she 
!'"•■! in a distant city and had not sivn her brothei in law for two years, she was 
tinMdc to jjiv,. u dear history. tUvan-e of the eoaia and a choked disk of four 
diopter., a tent nine diagnosis was made of a deep s.-ato.) tumor of Ike brain, proto 
!l 'dy spongioblastoma multiform.' or malignant glioma. Hecnu-e the spasticity was 
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body, and all the symptoms were those of a tumor of the brain. At operation a 
large chronic subdural hematoma was found compressing the left cerebrum; an 
enlarged trephine opening was all that was necessary for the removal of the partly 
liquefied hematoma (Fig. 2). The postoperative course was uneventful. When 
the patient was dismissed from the hospital, the wound was healed; there was 
choking of the disk of less than one diopter; and the headaches and vomiting had 
been relieved. 


The clinical picture may be confusing, as it was in the following 
case in which the presence of ataxia made localization of the lesion 
difficult. 



_ . , forty-seven years, had been perfectly well until lie hml 

C , ' injury when his horses had run away while he had boon 

sustained gc J bc‘en thrown from the plow to the ground, lb- though, h,s ea 

plowing. He tod hee ^ mom( , ntariIy flnw> i and then had returned to « » 

had struck a stone. I weeks, when ehrome JiMidarlit 

plowing. He had been perf f ., M „ itI1(1 gradually had increased 

had developed; tins had occui ' ‘ b ,. gim . i, !t d become nauseated 

in severity. A week a c ‘ IIc |, a ,l i, C en more comfortable lying >l fl 'va. 

an agenerali Z edwea^^^J on |h(f physician had disdosed 

and he had refused to ^ ^ brougUt t0 ,he clinic. . 

choked disks, and the p." . , Lks of three diopters. Itocntgcmdogm 

- « «•" 

examination of the neao 
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a definite capsule. The clot is incased in a capsule of fibroblastic tissue 
and feels like a rubber sac. The contents of the sac consist of fluid 
which has the color and consistency of bile. Another interesting thing 
is that when the clot is solid, it is laminated, as if small hemorrhages 
had occurred at intervals. The supposition is that the hemorrhage is of 
venous origin; that a small vessel in the longitudinal sinus is torn; and 
that the bleeding is encouraged every time the intracranial pressure is 
changed, as it was in the case in which the man blew the horn after 
he had sustained a cranial injury. It is common knowledge that during 
a craniotomy, bulging of the brain can be seen if the patient grunts or 
coughs while he is anesthetized, and any strain increases the intra- 
cranial pressure. After an injury to the head,' a small hemorrhage 
probably occurs which increases with changes in intracranial pressure 
until it lias become fairly large. The clot becomes organized; endo- 
thelial cells form a capsule around this clot; and liquefaction then takes 
place. This sac of fluid lies in the subarachnoid space and is in con- 
tact with the cerebrospinal fluid. It is believed that osmotic pressure 
causes absorption of the fluid, with the result that the sac enlarges. This 
explains the latent period and explains why the symptoms of chronic 
subdural hematoma simulate those of tumor of the brain. Intracranial 
pressure is increased, as is evidenced by headaches, vomiting, choked 
disks, and localizing signs, such as weakness of one or more extremities, 
nystagmus, and ataxia. If operation is performed early, it usually is 
followed by immediate relief of symptoms. 
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greater on the left than on the right side, a large osteoplastic flap was reflected. 
This revealed a chronic subdural hematoma instead of a tumor of the brain. Be- 
cause of the coma, the operation was performed with the patient under local anes- 
thesia. During removal of the hematoma, he regained consciousness. He was asked 
if he remembered having bumped his head within the last six or eight weeks, and it 
was with difficulty that he remembered injuring his head while playing a cornet in a 
hand two months previously. The man who had sat next to him played the b ass 
liornj a few members of the band had been called up to the front, and as they had 
moved, the patient had struck his head against the bass horn. He had been dazed 
for a few moments, but hud walked to the front of the room, had been able to play, 
and had not noted any discomfort. 



Fig, 3. — Osteoplastic flap necessitated by solid and semisolid hematoma. 


COMMENT 

A few years ago all the eases of chronic subdural hematoma observed 
at the clinic were reviewed, and it was surprising to find in how many 
of them it was impossible to obtain a history of cranial injury. Chronic 
subdural hematoma usually follows a slight injury. 

In considering the pathologic changes, the question of chronic sub- 
dural hematoma being an ordinary' blood clol is often raised. It is 
difficult to explain how a man may sustain a blow on the head and be 
perfectly well for six, eight, or ten weeks thereof ter, before symptoms 
If intracranial injury appear. At operatmn, an organized, liquefy n^ 
binea.h .be toe, end the dura e™ be s.nppcd ofr 
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durlno' He Petri dish of blood agar exposed to the air of the operating 100m 
The nrr~,!ii/ lanc - v * or one ,lour timing the winter and incubated for forty-eight hours. 
nun>ti« ! s »/ lro I’ rei *ominantly staphylococci, the albus predominating, while the 

uiar tl'n.n an<1 nonhemolytic varied witli the number of carriers at the partic- 

flltcrcd tv „ mt t lc cultures were taken. Where tlie incoming air is not washed and 
will v„.',. ';„r° ma >' he niany molds and spore-forming organisms, and the total count 
much greater. For a comparable culture made during the summer, see Fig. 2. 



nillt.fi In the /.Lfi ' 1 “ ' iK - 1 "’O' 1 '' ‘hiring the summer vvli.n the air c.mtainl- 

r.iuuhrr .V mo Ms roo "i |s °" ,r than durim: tie- winter. Here nl«o the large 

I'lnote.l i,v i i ” .■’pore-forming organisms [iru. m In the outshle .air have beet, 
■i‘ inlnantly 5 ,tnnhvw ■»? lt " rln,: ,h " " lr ' *“ ,h " <'iiltui.' plat- shows pro- 
of the r.|"ratine ,V“ ' Mo '‘ l ° f l"'" b:ll, ly 'ntered the air from the occupants 




STERILIZATION OP THE AIR IN THE OPERATING ROOM BY 
BACTERICIDAL RADIANT ENERGY 

Deryl, Hart, M.D., Durham, N. C. 

(From Hie Department of Surgery, Duke University School of Medicine) 

TNFECTED wounds, usually mild but occasionally severe, are all too 
common in every surgical clinic. The percentage of infections is 
usually underestimated unless each infection is conscientiously recorded 
and the results tabulated. The most common etiologic agent is one of 
the staphylococci. The Staphylococcus albas infection is usually mild, 
while the Staphylococcus aureus infection may be mild or severe depend- 
ing on the virulence of the particular organism, the resistance of the 
host, the suitability of the wound for bacterial growth (blood supply, 
traumatized tissue, hematoma, fat, foreign material as drains or liga- 
tures, etc.), and the degree of inoculation. 

While the occasional infection caused by other organisms such as the 
streptococcus or colon bacillus is likely to cause an investigation of the 
operating room technic, the staphylococcal infections are usually 
ascribed to imperfect skin sterilization (hands of the patient or of the 
operating room personnel). The streptococcal infections, on the other 
hand, have at times been traced to carriers in the operating room 
personnel who had the organisms in their noses and throats. The car- 
riers of these organisms were so numerous during the influenza epi- 
demic of 1918 that many operating rooms were closed except for 
emergency operations. At this time, however, I do not believe that it 
was generally considered likely that the organisms reached the wound 
except by direct transfer brought about by contamination of the 
hands, instruments, or supplies. 

Approximately four years ago, because of the occasional severe in- 
fection in large operative wounds necessarily accompanied by some 
trauma and inadequate hemostasis, we studied carefully by baeterio- 
logic cultures every step in the preparation of supplies and in the 
actual operative procedures. We found no source for the infections. 

If organisms could be cultured from the skin of the patient or the 
hands of the operating team, in the presence of perspiration, they were 
usually white staphylococci, while most of the infected wounds 
showed a pure culture of the hemolytic Staphylococcus aureus. The 
severe infections were also much more common during the winter 
months when there was the least danger of contaminating the wound 
with infected perspiration. 
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from reaching tlie rooms. All persons entering the operating rooms 
at any time wore the conventional, but totally inadequate, mask. Cul- 
tures from the walls and ceilings showed staphylococci to be present. 
The walls and ceilings were repainted, and the floors and walls were 
washed frequently in order to eliminate this source of contamination. 
Following these measures, the room so treated was almost free of or- 
ganisms until it was occupied for the first operation, at which time the 
air contamination immediately rose. The operating room shoes, uni- 
forms, blankets, sheets, and other supplies were free of staphylococci 
except for an occasional colony obtained from the shoes. These were 
no more numerous than from the other objects exposed to the air in 
the same room. The air in the operating room, which was in almost 
continual use, was found to be more highly contaminated than the air 
at any place cultured in the hospital or medical school. The degree 
of contamination at any place seemed to be directly proportional to 
the number of people present and the duration of occupancy. 



total staph^. 

tniMlmhi 1 ' P'°Uo<I similar to Fip. 3, showing a period of extremely low eon- 

XVf , i V on °* u . l V l,r nn operating room during occupancy. It is only rarely that 
thpic H J )erl °d when the total contamination with staphylococci is so low, but 
HurlnF bm ! 11l,n,V i i w when a Ktnphi/lncoccust aurrus is only occasionally found. 
.t.-Ti 1 Periods, large operations can he performed with much greater safety 
Mn lIurln K the period represented In Fig. 3. 


It was then determined that at that time, during the winter months, 
from (15 per cent to 85 per cent of the operating room personnel, as 
"ell as the general population, were carriers of the Staphylococcus 
din cits (frequently hemolytic) in their noses and throats (Fig. 7). 
Faring t lie following summer, tlie percentage of carriers dropped below 
per cent. In any room, given the same degree of occupancy, it was 
tonud t lint the air contamination with the S'lajihylnrocrus aureus varied 
diteetly with the number of carriers <>f this organism in their noses and 
thio.its. 1 he danger of infecting a given wound seemed to depend on 
the degree „f .,j,. contamination which in turn depended on the number 
of carriers. Kvon with such a high percentage of carriers of the 
•yajihi/hirnrrux nun us. it was thought who to eliminate all of them 


from eertai 


in rooms to he used for operations, such as thoracoplasties. 
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As soon, as a Petri dish of blood agar was exposed to the air in the 
operating room, the source of our infections was evident. Invariably 
large numbers of organisms, predominantly staphylococci (albus and 
aureus) settled out of the air. (Pigs. 1 and 2.) Infections with the 
Staphylococcus aureus usually occurred when the air contamination 
with this organism was greatest. Cultures were taken daily, and a 
continuous graph was plotted in an attempt to anticipate the periods 
of greatest danger. During these periods of high contamination (Pig. 
3), all operations having a wound highly susceptible to infection 
(thoracoplasties, radical mastectomies, etc.) were postponed to a time 
when the air contamination was low (Pig. 4). Infections were reduced 
but not eliminated bj r these measures, since the air was never free of 
organisms. 



TOTAL STAPHS. 


Pig-. 3. — Graph showing- the number of staphylococci cultured from the air In an 
operating room during occupancy during the month of March. Each point on the 
graph represents the number of colonics dropping out of the air on a sterile Fern 
dish of blood agar during one hour of exposure. For our operating rooms, this 
contamination during the first halt of the month wiLS Cons dcrcd to bc quite high. 
n'jrHriiiarJv for the Staphylococcus aurcus t which is more likely to j>rou If it 
entrance to a large wound. The total bacterial count hero was quite low and was 
obtained only by ventilating the room with washed and filtered air pa nting ami 
washing the room. limiting the number of occupants, and masking at all times. 


At the time it was felt that the organisms were brought into the 
operating rooms from the other parts of the hospital by air currents. 
The incoming air, which had been washed and filtered, but not cooled 
or dehumidified, was found to be practically sterile (Fig. 5) even 
t], on oli the outside air contained many organisms, mostly i.onpatl.o- 
„ /-Tfiim 0) Double doors were installed to prevent air ctirten • 
f. t t e war( ] s and operating rooms, the ventilating system was 

T , o bX" » largo Xantitioo of .-loan air and .Ho* i. to ~apc 
Zogh «,c cXlra .round do.ro, .ho, hop™ .. proven, infected «.r 
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radical amputations of the breast, nephrectomies, arthroplasties, Cesa- 
rean sections, or other large procedures. This was found to he imprac- 
tical since the nose and throat cultures changed from day to day, many 
of the carriers apparently not having the organisms in their noses and 



Fig. 5. — The air coming into the operating room tvas practically sterile on repeated 
examinations. This Petri dish of sterile blood agar was exposed for one hour and 
cultured for forty-eight hours. 
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tions were performed only as the first eases in the morning when the 
air was least contaminated; and the ventilating fans were run eon- 
tinuonsly to dilute the contaminated air. With these measures the air 
contamination was reduced, but not to such a level as to eliminate 
infections. 

Since we had shown that the contamination must come from individ- 
uals present (operating personnel or patient), and since these could 
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this great, source of danger to the patient. We turned to radiant energy 
known to have bactericidal properties as offering the best chance of 
accomplishing the desired results. A therapy ultraviolet light was 
shown to he capable of destroying a sprayed culture of Staphylococcus 
aureus at a distance of eight feet within sixty to ninety seconds. A 
radiation device was designed and constructed by the Westinghouse 
Lamp Company to give the maximal bactericidal radiation and the 
minimal erytliemal action on the patient. These devices are tubular 
in shape, have unlieated electrodes, and are filled with a mixture of 



CONTROL 15 SEC 



30 SEC 60 SEC 

DURATION OF EXPOSURE 


.Petri dishes of blood agar. sprayed lightly with a filtered suspension of 
to the' r-Vm ti ylococci, were practically sterilized within sixty seconds when exposed 
t),A A.,. . on in the approximate location of an operative incision, five feet below 
le conter of the tube mounting. 

gases in which the discharge takes place with the production of radi- 
ant. energy having a high bactericidal and a low erytliemal effect. The 
tube itself remains at. a temperature only a few degrees above room 
temperature, and there is no objectionable production of ozone. Eight 
0 ^ 10se tubes were mounted as shown in Pig. S at a position so that 
each tube was approximately five feet from the operative incision. 

ond volunteers were exposed at this distance for as long as eighty 
Minutes without more than a slight redness and prickling sensation 
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tions were performed only as the first cases in the morning when the 
air was least contaminated; and the ventilating fans were run con- 
tinuously to dilute the contaminated air. With these measures the air 
contamination was reduced, but not to such a level as to eliminate 
infections. 

Since we had shown that the contamination must come from individ- 
uals present (operating personnel or patient), and since these could 
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11. — Petri dishes of sterile blood agar exposed during the winter to the air 
for one hour during an operation in a location five feet from the Incision, three feet 
above the floor, and seven feet from the center of the radiation tube mounting* The 
exposure without the radiation was made first, while the exposure with the radiation 
was made during the following operations at which time with longer occupancy the 
air contamination should have been greater. Only two colonies are present In the 
Petri dish exposed to the radiation, and one of these is near the periphery where it 
l "'>y have bean shaded and protected. 



,,***•■ — Sterile J'.'trl dishes of blood near exposed during the summer In the 
l-“ for the same duration and at the same location ns those shown In 

don 11 were exposed lii the winter. .Vote the diminished air contamination 

|,*ro fl| t"ni"r (compare Kii: 11). The effectiveness of the rndlnthm In tie. 

bV'i'V '' l! ”' haeterla In the air I* shown, since there !« only on<> colony of slaphy. 

VII the plate exposed to the ladlntlon non at a distance of seven feet. 
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in tlie skin which disappeared within twenty-four hours. Lightly 
sprayed cultures of a filtered suspension of hemolytic Staphylococcus 
aureus were killed at this distance within sixty seconds (Fig. 9), while 
heavily sprayed cultures were killed within less than five minutes 
(Fig. 10). Many types of bacteria were exposed with uniformly rapid 
death to practically all the organisms.® 

Sterile culture plates exposed to the air for one hour within six to 
eight feet of the radiation tubes showed only an occasional organism, 
whereas the plates similarly exposed the preceding hour showed many 
colonies (Figs. 11 and 12). It was felt that we were laying down a 
ban-age of radiant energy about the operative wound which would 



TTj c 10 Petri dishes of blood near, sprayed heavily with nn unaltered suspension 

of hemolytic staphylococci, were practically sterilized within less than five minutes 
when exposed to the radiation five feet below the center of the mounting. As ran 
he seen most of the colonies In the center of the Petri dish were killed within two 
minutes while about the periphery the organisms which were shaded from part of 
the radiation survived tills exposure in larger numbers. With an unflUcml suspen- 
sion the organisms were in clumps and also with a heavy Inoculation, part of the 
organisms were more likely to he partly shaded by other organisms and therefore 
survived for a longer period of time than fn Fig. 5. 


ill not only all organisms floating in from the surrounding air, hut 
ny which might be given off by the individuals in the operating 

ooms. 

•Wounds in animalsf were exposed for as long as ninety minutes at 
distance of five feet from the eight tubes. The skin, subcutaneous 
issue muscle, and peritoneum seemed to heal as well as, if not better 
ban, 'where the radiation was not used. There was no increase in 

""•Culture- 5 were made by John pmdi.ihed) 

*££££ TJTolt wVth Paul « Sanger. To be pubHUud. 
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was not used. This may be parti } 7 or complete !} 7 accounted for by the 
elimination of bacterial contamination, or there may be some stimulat- 
ing effect to the radiation. Only one patient has developed an unex- 
plained infection in a clean operative wound. No member of the 
operating room personnel has received a burn. It has been increasingly 
difficult to impress on them the need for adequate protection, since 
the radiation appears to be so harmless. A few have had a prickling 
sensation in the skin for a ferv hours, and one nurse who remained 
close to the radiation tubes for some time without glasses or other 
protection for the eyes developed a conjunctivitis which cleared up 
within twenty-four hours. 

Extrapleural paravertebral thoracoplasties were taken as the best 
type of operation to prove the efficacy of the radiation in preventing 
wound infection or severe contamination. These wounds have a large 
exposed area; there is always considerable trauma; hemostasis at best 
is imperfect • and closure of all layers except the skin has been made 
with continuous catgut. These ivounds, therefore, offered a favorable 
site for the growth of any pathogenic organisms which might gain 
entrance. Before beginning the use of bactericidal radiation, an occa- 
sional severe infection forced us to insert drains, while after beginning 
the use of this radiation, the insertion of drains was soon discontinued 
as there was little drainage or reaction in the wound, and cultures of 
the drains on removal showed no growth. Comparative results as 
shown in Table I indicate that bacterial contamination of these wounds 
has been greatly reduced if not eliminated in the majority of operations. 

Table I 


Extrapleural Thoracoplasties for Pulmonary Tuberculosis 


— - 

WITH RADIATION* 

WITHOl’T RADIATION’ 

11 ME OF OPERATIONS 

JAN., 10;{(i TO OPT., 1 !>."><) 

i 

MOSTLY IN* SUMMER, 11)30- 
1935, SINCE EXPERIENCE HAD 
SHOWN THAT WITH HIGH AIR 
CONTAMINATION IN WINTER, 
INFECTION WAS MORE LIKELY 
TO OCCCE 

.7T- 

% (NUMBER) 

% (NUMBER) 

operations 

ImortioiiH 

deaths 

1,l ’ u,lls from infection in 

"omul 

' <l7 ' 0 per:itive temperature 
a nova ](!(>..}■> *• (..go 

operative temperature 

~L" r huger t linn I davs 

(•)■•!) 

•1.5 (2) 

2.:i (1) 

<«) 

15.0 (20) 

■15.0 (20) 

(HO) 

.is.o (.in) 

5.5 (0) 

■1.0 (-1) 

05.0 (75) 

75.0 (SO) 


1 h ( ‘ radical mastectomies, like the extrapleural thoracoplasties, have 
111 ' liable Iran in a and a large exposed area during operation and in 
111,1 ^ lui| ds have been closed with catgut. Although the group of cases 
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the number of peritoneal adhesions following exposure of the viscera. 

e i»ram and spinal cord were likewise exposed without subsequent 
demonstrable neurologic disturbances. 

A protection was devised for the operating room personnel consist- 
ing- of a hood of starched cloth over the head, face, and neck with 
goggles of plain glass to protect the eyes. It was necessary to main- 
tain suction beneath the goggles to prevent fogging. This protection 
was at times supplemented by an eyeshade or a tropical sun helmet. 
The gown and gloves apparently give sufficient protection to the skin 
covered. 



Pip. 13, — Perspiration, either on the skin of the patient or the operntinp team. Is 
a distinct hazard in the operating room. The four culture plates are from the hands 
of the four members of the operating team on a very hot day. Pultun's of the 
hands before operation showed no growth. fultiires at tin- end of the operation 
showed only Staphylococcus nth its. the numbers of colonies on repeated cultures on 
different days hems directly proportional to the amount of perspiration present. 
These organisms must have been washed out from the pbinds ami hair follicles 
Where they cannot be removed by scrubblnp or killed by the use of antiseptics. We 
hove no assurance that the Stajihvtocnrcus ourrns may not occasionally be present. 
A torn jriove, a damp (town, or tire patient's wet skin may allow tie' orcanlsrii- 
pet into the wound. 


Over 200 operations have been performed cm patients with uniformly 
great improvement in the postoperative course. In no ease Inis a 
patient received a burn, and no patient has complain cd of the prielf/ing 
sensation in the skin which comes from long exposure. Wound lienl- 
ino lias been better as a whole than in tlm.se cases where the radiation 
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f'ected. During this same period, in eases when radiation was not used, 
there were several mild infections, and one craniotomy incision, for 
an inoperable glioma, became infected with the Staphylococcus aureus. 
The latter patient diet as a result of infection. 

Among the group of over 200 operations performed in a field of air 
sterilized by bactericidal radiation, there were four clean operative 
wounds, all extrapleural thoracoplasties, in which infection was sus- 
pected. However, there was only one unexplained infection. The four 
cases are given briefly for the purpose of a complete report. 

Case 1 . — The patient had a large hematoma which became infected. The portal 
of entry of the bacteria was unaccounted for, possibly from the air, or possibly from 
an unrecorded tear in a glove, or by way of the blood stream. 

Case 2— The patient developed a mild infection which the surgeon who operated 
accounted for by a “large rent” in his glove with gross soiling of the wound with 
the perspiration which accumulated on a very hot day (Fig. 13). In an attempt to re- 
move this, the wound was irrigated with a large amount of physiologic salt solution, 
but this irrigation did not prevent the infection. 

Case 3. — Following the third stage of a thoracoplasty, the patient developed 
a small area of skin necrosis as a result of cutting off too much of the blood supply 
to the skin flap. The temperature did not go up until after the fifth day; organisms 
were cultured from the necrotic skin; sutures were removed from this area alone, 
"ith rapid subsidence of the temperature and healing. The remainder of the wound 
"as free of infection. 

Case 4. — The patient ran a high temperature following operation, and the incision 
"as first explored with a probe and later opened under anesthesia. No pus was 
found; the wound did not appear to be infected or subsequently show signs of sup- 
puration. A Staphylococcus aureus grew out of the culture taken when it was 
opened, some timo after the insertion of the probe. It soon developed that the tem- 
perature was caused by an extension of the tuberculous process to the good lung. 
This was confirmed by x-ray examination and prevented a continuation of the collapse 
by thoracoplasty. 

ibe tables quite strikingly show the great reduction in the number 
0 infections where the operation is performed in a field of bactericidal 
'adiation. The lower postoperative temperature elevation and its much 
shorter duration following operation are evidence that there was a 
diminution in the bacterial contamination in those wounds which ordi- 
f'nrily do not go on to suppuration. This reduction in t lie post- 
operative temperature in clean cases suggests that much of the elevation 
"hich we ascribe to absorption of blood and traumatized tissue in 
can wounds, or to increased absorption of tuberculin in thoracoplasties, 
i rally caused bv a bacterial infection which does not progress to the 
ogo of suppuration. Equally ns striking as the objective improvc- 
,m 'nts Uot °d in the tables were the symptomatic improvements in the 
postoperative course where radiation was used. The patients com- 
' tuned less of pain and soreness in the wound; the general systemic 
‘"tmn " i,s less severe; healing was more rapid; and convalescence 
V' s f ' to tuny than in the patients operated on without tin- use of 

in " ni -*»e r ici<lul radiation. 
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is smaller than for the thoracoplasties, they are given in Table II. 
This also shows the great improvement in results in the postoperative 
course of the patients operated on in the field of air sterilized by bac- 
tericidal radiation. 

Table H 


Badical Mastectomy 



WITH radiation 

WITHOUT RADIATION 

TIME OP OPERATIONS 

JAN., 1036 TO SEPT., 1936 

JAN., 1935 TO SEPT., 1936 


NO INFECTION 

INFECTION 

(NO INFECTION 

INFECTION 

Number of operations 





Nonulcerated 

s 

0 

12 

3 

Ulcerated 

o 

1 

o 1 

i 

Total 

10 

1 

.12 1 

4 



WITH 

radiation 

j WITHOUT RADIATION 

Postoperative tempera- 

, % 

(NUMBER) 

1 % (NUMBER) 

ture above 38° C. 
Postoperative tempera- 

36 

(*> 

1 44 (7) 

■ 

ture elevation for 
longer than 4 days 

27 

P) 

44 (7) 


The inguinal herniae were selected as a group of clean operative 
incisions having a smaller size and less trauma than either the thoraco- 
plasty or radical mastectomy group. Even in these cases there was 
a striking improvement in the results as shown in Table III. It was 
not appreciated by any member of the staff that we had as many 
infections (all of them mild) in these eases where the bactericidal 
radiation was not used. Since it was felt that there was little danger 
of infection in a small incision of this type, only sixteen were operated 
upon with bactericidal radiation. In general, the large hernia, in the 
more obese patient, was operated upon with the radiation, since it was 
felt that infection was more likely to occur in these eases. 


Table III 

Inguinal Herniae 

(Indirect and Direct) 


WITH RADIATION 

WITHOUT RADIATION 

TIME OF OPERATIONS 

JAN., 1936 TO SEPT., 193(1 

JAN., 1935 TO .SEPT., 19.9' 


% (NUMBER) 

r/ r (NTMRKKJ 

Total operations , 

Number of infections 
Number of deaths 
Postoperative temperature J 
above 38° C. 

Postoperative temperatnro 
elevation for more than 
4 davs 

(16) 

(0) 

(0) 

25 (4) 

25 (!) 

I 

(109) 

•1.6 (5) 

(9) 

37 (49) 

55 («0) 

















PAPAIN AND PERITONEAL ADHESIONS 


R. II. Egerton Elliott, M.D., and Frank L. Meleney, M.D., 
New York, N. Y. 

(From the Surgical Service of the Presbyterian Hospital) 

IN A recent paper, Oehsner and Storck 1 reported 231 collected cases in 
which papain had been used to prevent the re-formation or initial 
formation of peritoneal adhesions. Clinical results were obtainable in 
224 of their cases, and of this total, 88.8 per cent were classified as 
satisfactory. Their article, however, fails to give statistics on a similar 
scries of cases in which papain was not employed, and consequently the 
evaluation of their results is difficult. 

It is not the purpose of this paper to discuss the properties of papain. 
Por information on this subject, the reader is referred to the excellent 
articles of Oehsner and Storck, 1 Oehsner and Garside, 2 and Walton. 3 
Suffice it to say, however, that papain is a vegetable ferment and is 
capable of dissolving fibrin. 

Through the kindness of Dr. Oehsner, who has kept us supplied with 
the drug, we have been able to use papain in many of our cases of 
Peritoneal adhesions during the past four and one-half years. On his 
1 commendation, we have used papain in dilutions of 1:20,000, it being 
ouv Practice to dissolve 50 mg. of the drug in 1000 c.c. of mammalian 
Ringer’s solution. By and large, the amount used in each case has 
U'craged * n neighborhood of 500 e.c., as it has been our experience 
th.it the peritoneal cavity would rarely hold more than this amount, 
n every instance in which papain was employed, it was used to prevent 
the re-formation of adhesions divided at the time of operation, and in 
^ nsc was it. used solely in a prophylactic sense, i.c., to prevent the 
initial formation of adhesions. 


MATERIAL 


total of 72 cases are reported here. These represent patients upon 
v diom division of peritoneal adhesions was performed at the Prosby- 
'' 'ian Hospital between January 1, 3t)32. and January 1, 103G. No 
( : lM> ' l!ls been included with a follow-up of less than six months’ dura* 
l0, i. Six of the eases were subsequently reoperated upon. 

1 apain was used in 34 out of the 72 eases (or in 47.2 per cent of the 
intlI ° group) and at reoperation in 2 out of (i instances. No papain 
"unemployed at the initial operation in 3S eases (52.8 per cent of t lie 
^i're g roup), and it was omitted at renperntion in 4 out of (i instances. 

K " f,, r IHiliUi'.itt.m. Nov.-mh.-r M. 
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SUMMARY AND CONCLUSIONS 

1. The aii in am closed space, as in an operating room occupied 
by human beings, is highly contaminated with pathogenic bacteria, 
as can be demonstrated by exposing a suitable culture plate to the 
air and incubating it at body temperature. 

2. Human beings are the source of the air contamination. The 
usual operating room mask is inadequate. 

3. Most of the operating room infections are caused by organisms 
similar to those floating in the air and recovered on exposed culture 
plates. 

4. Since these pathogenic organisms floating in the air are predomi- 
nantly staphylococci, and since the skin is known to be highly con- 
taminated with these organisms, the wound infections have usually 
been ascribed to contamination from poor skin technic, while the air 
has been ignored. 

5. Bactericidal radiant energy is almost 100 per cent efficient in 
killing the organisms floating in the air in the operative field at n 
distance of five feet from the source of radiation, while it is over SO 
per cent efficient at distances of eight to ten feet. 

6. This radiation will not blister a blond at five feet within eighty 
minutes; in a series of over 200 operations, no patient has been burned, 
and there has been no demonstrable damage to the tissue exposed in 
the wound. 

7. With adequate protection, no member of the operating room per- 
sonnel has received a burn. 


8. There is not an appreciable amount of ozone formation. 

9. By the use of this radiant energy, operating room infections have 
been greatly reduced; the postoperative temperature in supposedly 
clean cases has been lower and of shorter duration; there has been 
better healing; and the patient has had loss postoperative discomfort. 


20. It is our opinion that without bactericidal radiant energy t<> 
sterilize the air, every wound is highly contaminated with pathogenic 
bacteria. Avoidance of unnecessary trauma, tension, and strangulation 
of tissue, meticulous hemostasis, and the use of silk will go far toward 
preventing these organisms from gaining a foothold. Such technic, 
however, cannot he relied upon to produce such an unfavorable field 
that these organisms will in no case grow and eause suppuration. // 
is far better to prevent the entrance of organisms into the wound. The 
best surgical technic still should be used. Silk as the least irritating, 
most easily sterilized, smallest volume, and most satisfactory, hut non- 
nlworbablc ligature and suture material can be buried in the wound 
with "renter" confidence when the air. our greatest souree of wound 
contamination at the present time, has been rendered free of v.nble 


pathogenic bacteria. 
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Table II 


Individual Incidence of Previous Operations 


NO. OF PREVIOUS 

NO. OF PAPAIN CASES 

NO. OF CONTROL CASES 

OPERATIONS 

PERFORMED ON 

PERFORMED ON 

1 

21 

28 

2 

7 

6 

3 

3 

2 

4 

0 

0 

5 

0 

1 

0 

3 

1 


Table III 



Previous Operations 


type of operation 

NO. PERFORMED ON 
PAPAIN CASES 

NO. PERFORMED ON 
CONTROL CASES 

Division of adhesions 

7 

7 

Appendectomies 

Id 

21 

Pelvic procedures 

9 

14 

Gallbladders 

4 

1 

Herniorrhaphies 

1 

1 

Enterostomies 

3 

4 

Resections 

»» 

U 

o 

Drainage peritoneal abscesses 1 

I 


44 

51 


EXTENT OF ADHESIONS 

I'lie extent of adhesions found at operation was mentioned in all but 
°ne case (one in which papain was employed). For simplicity’s sake 
" c *' nvc employed the terms: few, moderate, and many or massive 
,0 designate their extent, the distinction being a purely arbitrary one 
n "d often difficult to determine from the operative notes. It will be seen 
f i'oin Table IV that among those in the papain group in which it is men- 
tlon °d, die adhesions were few in number in 10 eases (30.3 per cent), 
moderate in 18 cases (54.0 per cent), and many or massive in 5 (15.1 per 
e(,, d). Tn the “no papain” group, they were few in 17 instances (44.S 
1'or cent), moderate in 16 (42.1 per cent), and many or massive in 5 (13.1 
i )01 cent). From this it would appear that by and large the adhesions 
" Cle Inorc extensive in those cases in which papain was used. 


Tahi.i: IV 

Incidence or A puts ions 



•VO. op PAPAIN' 
TASKS 


vr.u cent 


NO. or CONTROL 
CASKS 


Mnnv 




, ,n . v ( >r 


rc^ ntionryi 


10 

IS 

5 

1 


no.:! 

r>4.o 

13.1 


17 

10 


rr.r. cent 


4-s.S 

• 52.1 

13.1 
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SEX AND AGE 

In the combined series of 72 eases, 54, or 75 per cent, were females, 
and 18, or 25 per cent, males, the ratio of females to males being 
exactly 3 to 1. This is a somewhat lower figure than that found in 
Ochsner and Storck s series in which the females outnumbered the males 
by slightly better than 5 to 1. 

The youngest in our series was fifteen years of age, the oldest, seventy- 
two years. By actual count there were no eases in the first decade (the 
Presbyterian Hospital does not admit patients under the age of 13), 
S (11.2 per cent) in the second deeade, 24 (33.3 per cent) in the third 
decade, 16 (22.4 per cent) in the fourth, 12 (16.6 per cent) in the 
fifth, 7 (9.6 per cent) in the sixth, 3 (4.1 per cent) in the seventh, arid 
2 (2.8 per cent) in the eighth. It will he seen that more than half of 
the cases (55.7 per cent.) occurred in the third and fourth decades. 
Similar results were found in Ochsner and Storclc’s series, in which the 
percentage for the same two decades was 58.5. 


Table I 

Ace Incidence by Decades 


DECADE 

NO. OF CASES 

PER CEN*T 

1st 

0 

0.0 

2nd 

s 

11.2 

3rd 

2-1 

33.3 

4t)i 

IB 

22.4 

5th 

12 

10.6 

GtU 

7 

0.0 

7tJi 

;t 

•1.1 

Sth 

o 

2.S 


PREVIOUS OPERATIONS 

Of the 34 patients upon whom papain was used, 31 had undergone 
previous operations. The total number of previous operations for tin's 
group was 44, giving an average of 1.4 operations for each patient 
previously operated upon. Of the 3S patients upon whom no papain 
was used, 37 had undergone 51 previous operative proeedurcs. The 
average number of operations for each patient previously operated upon 
in this group was therefore the same as in the papain group, or 1.4. 
The greatest number of operations previously performed upon any one 
individual in the papain group was 3 and in the group without papam. 

5 The actual numerical incidence of operations is shown in Table f • 
As far as the types of previous operative procedures are concerned, 
it will be seen from Table HI that in both scries appendectomies were 
the most frequent, with pelvic operations second, and division of ad- 

hesions third. 
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free from adhesions” except in two places where adhesions which had 
been overlooked at the first operation were found. Division of adhe- 
sions and the instillation . of another liter of papain were again done, 
and in addition a jej unostomy was performed. Two weeks later the 
patient died from inanition and a low-grade peritonitis. At necropsy 
file loops of gut in the peritoneal cavity were everywhere adherent to 
one another by a sticky fibrinous exudate; there were a few old adhe- 
sions, but there were no large collections of pus to be seen at any point. 

The significance of this case lies in the fact that papain should prob- 
ably not have been used at the second operation when a jejunostomy 
was indicated. We believe that the use of this drug is contraindicated 
in procedures involving enterostomy, for its fibrin-dissolving action may 
prevent the formation of protective adhesions about the enterostomy 
site and thus predispose to peritoneal infection secondary to leakage 
or contamination. 

Among the eases here reported, there has been only one late mortality. 
This was apparently due to pulmonary tuberculosis and occurred seven- 
teen months after operation in a ease in which papain was not used. 
As far as is known, there were no further obstructive symptoms after 
operation. Unfortunately, an autopsy was not obtained. 


RESULTS 

We realize that symptoms from old adhesions, particularly from single 
bands, may occur many years after the probable date of their forma- 
tion so that our results may be better than they will be at a later date. 

n ^ 1C other hand, this may be offset in some eases by the well-known 
Piogressivc absorption of adhesions. 

In the papain group, excellent clinical results were obtained in 22 
instances (64.9 per cent), and good results in 4 (11.7 per cent); in 
*be no papain” series, the results were classified as excellent in 23 
oases (G0.fi per cent), and as good in 10 (26.3 per cent). Satisfactory 
i (suits, therefore, were obtained in 76.6 per cent of our papain cases 
and in S6.S per cent of our control series. The results in 4 (11.7 per 
l ,a Iiain group were termed fair, and in 4 other cases poor 
• i per cent). Tn the control series, one case (2.6 per cenl) was 
o assed as fair, and 4 (10.6 per cent) as poor. 


Tahi.f. VI 
Itnsvi.Ts 


— 






No. uv l\\! WIN 
fWSES 

IT.ll < I'.ST 

NO. or roXTUOi. 

f: its r 

iii-iii 

— l! 

r.i.o 

• IV 



i 

11.7 

in 

l’ 


•i 

11.7 

1 

e.n 



i 

11.7 

•f 

IO.fi 
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FOLLOW-UP 

Inasmuch as this is a study of late results, no cases which hare not ni- 
teuded our follow-up clinic for at least 6 months have been included in 
tins report. The longest follow-up in the papain group was 44 months, 
and the longest in the “no papain” group 51 months. The average fol- 
low-up for the 34 papain cases was 19.3 months, and that for the “no 
papain group 20.6 months. From Table V it will be seen that 67.7 per 
cent of the papain group and 73.8 per cent of the group receiving no 
papain were followed for a year or longer; that 32.4 per cent of the 
former and 44.S per cent of the latter were followed for 2 years or 
longer; that 14.7 per cent of the former and 10.6 per cent of the latter 
were followed for 3 years or longer; and that though no eases in the 
papain group were followed for 4 years, there was one case (2.7 per 
cent) in the “no papain” group followed for slightly longer than this 
time. 

Tabu: V 


Foxa-ow-Ur (Nose Tjxdee G Months) 


MONTHS 

FOLLOTTEI) 

NO. OF PAPAIN 
CASES 

PE H CENT 

NO. OF CONTROL 
CASES 

PER CENT 

6 

i 

2.9 

n 

7.S 

7 to 11 

10 

29.4 

7 

18.4 

12 to 17 

s 

23.5 

10 

2G.3 

18 to 23 

4 

ll.S 

1 

2.7 

24 to 29 

o 

5.9 

7 

1S.4 

30 to 35 

4 

ll.S 

G 

35.S 

3G to 41 

4 

ll.S 

o 

5.2 

42 to 47 

1 

2.9 

1 

2.7 

4S to 53 

0 

0.0 

1 

2.7 


UNTOWARD SEQUELAE IN' THE USE OF I’APAIN' 

Ochsner states that high concentrations of papain may cause peritoneal 
irritation, but that the dilution of 1 :20,000 which lie advocates gives no 
demonstrable symptoms or signs. Our observations confirm this. In 
fact, we have to report only one untoward sequela which we believe 
might have been avoided. We have thought that theoretically, at least, 
papain should not be used in the presence of catgut suture material, for 
fear of a solution of the abdominal repair with a resulting disruption 
of the wound. Silk has therefore been employed for the repair in nil 
cases but three, and no disruptions developed. One death occurred, 
however, which we attribute to faulty judgment in combining the use 
of papain with a jejunostomy. 

The patient in question was admitted to the hospital with symptoms 
of chronic ileus. At operation a moderate number of adhesions were 
divided, a liter of papain instilled in the peritoneal env.ty. am m <• 

. in „ the abdomen, a ventral hernia was repaired 1 wo weeks Into, 


t 1 nf obstructive svmptoms necessitated a second laparotomy. 
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SUMMARY 

Seventy-two cases are reported upon which division of peritoneal ad- 
hesions was performed during a recent four-year period. In thirty-four 
of these papain was used in an attempt to prevent the re-formation of 
adhesions. In thirty-eight, papain was omitted. The cases, essentially 
similar in nature and operated upon by the same group of surgeons, 
are collectively analyzed from the standpoints of sex and age. Dividing 
them into “papain” and “no papain” groups, they are further analyzed 
with respect to the number and types of previous operations, extent 
of adhesions, follow-up untoward sequelae, and subsequent clinical 
results. In addition, the findings in six eases which came to reoperation 
are discussed. 

We have purposely followed fairly closely the outline adhered to in 
Ochsner and Storek’s recent report on this same subject, in order that 
the results set forth in the two papers may be the more easily compared. 

CONCLUSION 

While our figures do not indicate an appreciable improvement of 
follow-up results in the series in which papain was used, as compaicd 
with the series in which no papain was employed, we realize, as has 
been pointed out by Ochsner and Storck, that a long period of observa- 
tion on a very large group of cases will be necessary before any definite 
conclusions concerning the efficacy of papain can be reached. We feel, 
in addition, that in reviewing this difficult group of cases the inclusion 
of a control series is essential to the proper evaluation of results. 
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CASES REOPERATED UPON 

There '"’ere six patients in the combined series who came to subse- 
quent operation. Pour of these received papain at their initial opera- 
tions. In two of the latter, the adhesions at the hist operation were so 
extensive that it was impossible to free them all. At reoperation no 
i e-foi roation of adhesions was apparent and the recurrence of sjmptonis 
was thought to be due to adhesions left undivided at the original opera- 
tion. Consequently the results in these two cases are inconclusive. One 
case receiving papain at the initial operation was said to be “extraor- 
dinarily free of adhesions” when reoperated upon later for a recur- 
rence of symptoms. The fourth ease in which papain was originally 
used also presented very few adhesions at reoperation. It appeared 
doubtful at the time, however, whether the adhesions had ever been 
responsible for the patient’s symptoms in the first, place. No definite 
conclusions, therefore, can be drawn from this case cither. 

Of the two cases receiving no papain at initial operation and later 
undergoing another laparotomy, there was a definite re-formation of 
adhesions in one. In the other, it was felt that the recurrence of ob- 
structive symptoms was in all probability due to adhesions left behind 
at the first operation; apparently there had been little, if any, re-forma- 
tion of adhesions. 

COMMENT 


It will have been noted that in general more satisfactory results were 
obtained in our “no papain” group than in our group in which this 
drug was employed, 86.S per cent of the results in the former being 
classified as excellent or good as opposed to 76.6 per cent in the latter. 
This is of particular interest when we consider that Ochsner and Storek 
reported SS.S per cent satisfactory results in their cases, in all of 
which papain was used. 

Accounting for discrepancies in results cither individually or col- 


lectively in cases of peritoneal adhesions is almost impossible, except 
in the broadest of generalities. Our figures would tend to indicate, 
however, that the adhesions in our papain group were somewhat more 
::x tensive than in our control group, 69.7 per cent of the adhesions in 
the former group being classified as moderate, or as many or massive, 
to 55.2 per cent in the latter. On the other hand, if we compare these 
[mures with those given by Ochsner and Store lc who reported the pres- 
ence of extensive adhesions in 75 per cent of their cases, if would np- 
near that the adhesions in their cases were in general more extensive 
ban in ours This makes it all the more difficult to reconcile their 
percentage of satisfactory results with papain (SS.S; with ours 
P ftnnWrlv when we consider that our results without papain 
closely a,,,,,™.* 

was used. 
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by gently moving tlie skin overlying tlie mass, and noting the point 
of attachment. The cyst should never he squeezed to find a suspected 
point of external opening. 

The swelling may, in rare cases, lie behind the sternocleidomastoid 
muscle, but then other causes of neck swelling should be considered first. 

When pressure symptoms are present, they usually take the form of 
a respiratory embarrassment. Recently, we observed a child aged six 
months with a large cyst in the right anterior triangle. The child had 
repeated attacks of severe cyanosis, stridulous breathing, and dyspnea, 
fhe attack had been relieved on several occasions by deep pressure on 
the cyst with the discharge of mucoid material from the external 
onfice. The attacks were precipitated by mild upper respiratory in- 
fections in which the mucous membrane of the pharynx evidently be- 
came swollen, blocking the internal opening, and causing the cyst to 
ra Pidly increase in size. 


The most common complication is infection. The cyst becomes in- 
fected during an upper respiratory infection by direct continuity with 
fim pharynx. When this occurs, the presenting lesion is an abscess in 
f be anterior triangle of the neck. The neck is swollen, and the over- 
*' m " skin is hot and usually of a violaceous color. The tumor is 
exquisitely tender, and the general constitutional symptoms attending 
an abscess will be present. The infection is rarely virulent, and a 
cei tain amount of conservatism may, therefore, be used in its treat- 
ment. If the abscess is widely incised, it will continue to drain over 
a ong period of time, suggesting a tuberculous lesion to the clinician. 
1 circumscribed abscesses of the anterior triangle of the neck in 
" deli broken-down lymph glands are excluded should, therefore, be 
■cved with a certain amount of suspicion of their being infected 

wanchiogenic cysts. 


^ J s '] n, lc, diagnosis is not difficult. In the complete, uncomplicated 
• Pc, it may be confirmed by injection of a bland, colored solution, 
"< 1 will make its appearance at the internal ostium. Roentgenologic 
examination can be of great help. This is accomplished by the injee- 
1011 a radiopaque substance into the cyst. Iodized oil. one of the 
I”!!' - ' ur< Wraphic solutions, or bismuth paste may be used. The latter 
. lUS advantage of economy, but should only be used if surgical 
* 1 ' edion is imminent. The removal of the paste is. however, dif- 
■ ^ ne must be careful not to squeeze the cyst, since then the 
'Juted material may be forced through the internal opening and be 
^Pirated. 


a lesions which may be confused with a braiiehiogenie cyst in the 
1„. f"' n,< ! n,, d easily differentiated. The greatest difficulty may 
^ iu the so-called cystic hygromata. Those lymphoid cysts arc. 
usually situated in tlie posterior triangle of the neck, and 
' "’'’thor internal nor external openings. Tuberculous and other 



BRAN CIIIOGENIC CYSTS IN INFANCY 
William C. Beck, M.D., Chicago, III. 

(From the Department of Surgery, University of Illinois ; the St. Joseph’s and 
St. Vincent’s Orphan Eospitals) 


D RAN CIIIOGENIC cysts are congenital anomalies, which are of in- 
terest ancl importance both from the clinical and embryologic 
standpoint. The}' may disturb some of the normal functions of the 
body, and occasionally they are of potential danger to the life of the 
patient. They are often minute in size and do not become evident 
until the later years of childhood, or they may even escape notice 
entirely until they undergo malignant changes. Their care in infancy, 
when they do become manifest, demands the specialized eare which 
is required by a patient whose tissues are delicate and in a state of 
development. 

To Hunezowski, in 1789, and Dzondi, in 3829, are credited the first 
descriptions of the lesion, but the embryologic significance was first 
recognized by Ascherson. Many authors since that time, however, 
have waged a scientific battle regarding the origin of the cysts. Promi- 
nent among the contributors to this question are Ills, Koelliker, Born, 
Kostanecki, Mileky, Piersol, von Lissner, and Wcuglowski. No at- 
tempt will be made to review these theories, except to state that the 
theory of Wenglowski appears to have found the most widespread 
acceptance among modern authors. He contends that the cysts are 
dilatations of the persistent thymic duct, which arises from the third 
branchial cleft and descends toward the hack of the sternum. 

Clinically three types of brauchiogcnic cysts or fistulas must be dif- 
ferentiated: the complete type, which has both an external and an 
internal opening; the incomplete internal, which has only an opening 
into the pharynx; and the incomplete external, which has only an 
opening on tiie skin. The last of these is the one which is most fre- 
quently diagnosed, because the internal opening is often very small 


and difficult, to locate. 

The symptoms produced during infancy arc of three types. The 
most significant of tiicse is deformity. There is usually a soft, globu- 
lar swelling, just anterior to the sternocleidomastoid muscle. II un- 
complicated, the swelling will not he tender, but will fluctuate bmioath 
Z examinbm fingers. Only rarely will it he tense and firm. The 
«verlri„" skin will often display a minute red dot. which may escape 
all but the most painstaking inspection. At other times, the external 
orifice will be widely patent, with a moist surrounding skm and a 
thin brittle crust over it. The external orifice can sometmws he local, d 
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by gently moving the skin overlying the mass, and noting the point 
of attachment. The cyst should never be squeezed to find a suspected 
point of external opening. 

The swelling may, in rare cases, lie behind the sternocleidomastoid 
muscle, but then other causes of neck swelling should be considered first. 

When pressure symptoms are present, they usually take the form of 
a respiratory embarrassment. Recently, we observed a child aged six 
months with a large cyst in the right anterior triangle. The child had 
repeated attacks of severe cyanosis, stridulous breathing, and dyspnea. 
The attack had been relieved on several occasions by deep pressure on 
the cyst with the discharge of mucoid material from the external 
orifice. The attacks were precipitated by mild upper respiratory in- 
fections in which the mucous membrane of the pharynx evidently be- 
came swollen, blocking the internal opening, and causing the cyst to 
rapidly increase in size. 

The most common complication is infection. The cyst becomes in- 
fected during an upper respiratory infection by direct continuity with 
the pharynx. When this occurs, the presenting lesion is an abscess in 
the anterior triangle of the neck. The neck is swollen, and the over- 
lying skin is hot and usually of a violaceous color. The tumor is 
exquisitely tender, and the general constitutional symptoms attending 
an abscess will be present. The infection is rarely virulent, and a 
certain amount of conservatism may, therefore, be used in its treat- 
ment. If the abscess is widely incised, it will continue to drain over 
a long period of time, suggesting a tuberculous lesion to the clinician. 
All circumscribed abscesses of the anterior triangle of the neck in 
which broken-down lymph glands are excluded should, therefore, be 
viewed with a certain amount of suspicion of their being infected 
brancliiogenic cysts. 

As a rule, diagnosis is not difficult. In the complete, uncomplicated 
'.vpe, it may be confirmed by injection of a bland, colored solution, 
which will make its appearance at the internal ostium. Roentgenologic 
examination can be of great help. This is accomplished by the injec- 
1011 °f a nuliopaque substance into the cyst. Iodized oil, one of the 
many urographie solutions, or bismuth paste may be used. The latter 
ms the advantage of economy, but should only be used if surgical 
intervention is imminent. The removal of the paste is, however, dif- 
U'lilt. One. must be careful not to squeeze the cyst, since then the 
injected material innv be forced through the internal opening and he 

*• ‘'pirated. 


1 he lesions which may he confused with a brancliiogenic cyst in (lie 
I'dant are few and easily differentiated. Tbe greatest difficulty may 
" found in the so-cnllcd evstic hygromata. These lymphoid cysts arc. 
I usually situated in the posterior triangle of the neck, and 

' 1 '* neither internal nor external openings. Tuberculous and other 
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lymphadcnopathies, aberrant thyroid glands,' and angiomata and blood 
cysts will cause the clinician but little difficulty. Dermoid cysts and 
tumors of the carotid body will usually be readily ruled out. An 
aneurysm can be recognized by its expansile pulsation. Rare lesions 
may be found in this region, such as the so-called multilocular bran- 
chiogenous cyst and Berger’s polycystic tumors of the parathyroid 
glands. 


Treatment is dependent on the condition of the local lesion, the age 
of the patient, and the urgency of 'therapy. If the cyst is infected, 
conservatism should be the keynote wherever possible. The infections 



pig. i. — Typical deformity of a branchiogenic cyst in an infant aged sixteen 
months. A. Front view; B, lateral view. (Note discoloration due to sltin changes 
from a recent infection.) 


are, as has been previously mentioned, usually of low virulence and 
cause but little sj-stemic reaction. Hot moist dressings should bo 


liberally applied and frequently renewed. These should bo alternated 
with dry heat or alcoliol-glyeerine dressings to avoid maceration of 
the skin. In the application of these dressings, a word of caution 
must be interjected. A circular bandage around the neck should be 
avoided, as it may embarrass respiration. Should the infection he 
virulent, or spreading, the abscess must be incised widely enough to 
permit adequate drainage. As a rule, however, incision will not be 
necessary, and aspiration will suffice. This should be done with a 
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needle of fairly large caliber, and, if possible, through the external 
opening of the tract. Aspiration may be supplemented by irrigation, 
with a sterile isotonic salt solution. This is accomplished by first 



C\j p ~ 


' - riy nimw lateen with the lirnnchloKenle ry>t flllril wall a raA!njin<jue 
nicclliiiii. ,1, Anteroposterior view ; 11, Intern! view. 

oig ns much of the infected material as possible, and then 
instilling a .small amount, two to five cubic centimeters of the 
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saline solution, and again withdrawing it. The entire aspiration or 
irrigating procedure should he practiced as infrequently as possible, 
to avoid the introduction of new contaminating organisms. 

Sucli a regime usually will convert an infected cyst into the uncom- 
plicated variety. The infection, in fact, may completely destroy the 
lining of the cyst and so effect a cure. Incision of the cyst almost 
invariably, however, introduces new infection and results in a badly 
scarred, draining fistula which is difficult to repair. In this type, 
repair should be delayed for a period of a month or more to insure 



Fig. 3,- 


Operative specimen of a bilateral branchiosenic cyst removed from an Infant 
w aged eighteen months. 


the absence of active infection. Bacterial counts may be of help in 
fetoLfctag the r.-osr.s, of the trootmon,. 

Tbe simple cyst in the very small infant is technically somewhat 
difficult to remove, because the neck is very short and the anatomic 
, , rp minute The careful dissection necessary to separate the 

Tfr,ZZt «,o infant « IWoro, ,„,k* »» 0“ 

?' vespivntorv embarrassment, or tacomine rope«te<Ilr wMal, 

, s eans'ng tespnn . ^ ^ reaeltotl 1l,e ago o 
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before that time, and the cyst ^ 
months, the injection of the cyst with an 

considered. . i n u„ , A ^ outgrowth of *£hc 

The injection of branchial cysts is P* - ■ drocel ° it has been 

similar form of treatment in bram cysts tier and Zollinger 

favorably reported upon by seveia ^. fieat;on of Zenker’s solution, 
report very favorable results wit 1 a injection is done 

while others have used a variety of media. 
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irritating medium, as this may occasion leakage into the pharynx. It 
is best to inject a rather small amount and to cover the entire area 
with a thick piece of gauze which has been generously coated with zinc 
oxide ointment, and fasten this in place with elastic adhesive. This 
pressure pad will produce collapse of the cyst. 

The injection of the cysts should not be considered too lightly , since 
in an occasional ease, a marked inflammatory reaction may be seen, 
and even a necrosis may occur. Leakage into the pharynx is also a 
complication which must be borne in mind. 

The treatment of choice is the sni’gical extirpation of the entire 
tract. This can be carried out without too great difficulty, after the 
first year of life, when the infant is well able to stand a general anes- 
thetic. The anesthesia of choice is open ether, which affords the 
greatest margin of safety and the maximum of flexibility in the infant. 

The anatomic course of the tract must be carefully considered in 
planning the mode of the attack. From the fossa of Rosenmueller 
where the infernal ostium is situated, the tract passes beneath the angle 
of the mandible and then outward and downward beneath the midpor- 
tion of the posterior belly of the digastric muscle. It then passes below 
the facial and above the glossopharyngeal nerves to come into intimate 
relationship with the carotid artery and internal jugular vein. Senn 
has stressed this relationship as being of signal importance in the sur- 
gical attack. McNealy states that the level of the external opening 
is determined by the level of the constriction of the bony opening of 
the chest. As the tract is in relationship to the carotid artery, it 
also is in relation to the vagus nerve and its recurrent branch. It is 
evident that an incision should be planned to give good exposure at 
the most difficult part of the dissection, where the tract crosses the 
great vessels. 

The commonly employed incisions are either planned to follow the 
tract and course along the anterior border of the sternocleidomastoid 


muscle, or are stepladder incisions as suggested by Hamilton Baily. 
His incision is made transversely at the level of the external ostium, 
and a second incision placed at the level of the bifurcation of the 


carotid artery. Both of these incisions follow the natural creases in 
the skin and give excellent exposure of the tract. In our opinion, a 
collar incision similar to that used for thyroidectomy gives both ex- 
cellent exposure and the most ideal cosmetic result. In the somewhat 
rare bilateral eases, the incision is exactly similar to the collar thyroid 
incision while in the unilateral eases the incision is not carried quite 
so far on the normal side. The incision is marked out by moving a 
niece of catgut on the sldn at the lower portion of the neck. A homo- 
i, placed on the external ostium, and it. is circumcised. The flap 
I then raised the hemostat marking the external extremity of the 
tract. If the external ostium is large or gaping, winch will only occur 
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^ an infected cyst lias been widely incised, a purse-string suture may 
be used to close it. The flap should consist of skin, subcutaneous tis- 
sue, and platysma muscle. 

The tract can be injected before the operation with either a colored 
solution or with bismuth paste. This is, however, rarely necessary, 
as the tract is not a branching one. 

The care of the small internal segment above the level of the 
digastric muscle has received special attention by many authors. Von 
Hacker suggests the insertion of a probe into the tract and then fixing 
the tract to the probe by a ligature. The probe is then pulled through 
into the oral cavity thus inverting the tract. Koenig suggests the 
I’ennplantation of the tract into the pharynx, thus forming a minute 
oral-phaiyngeal fistula. Both of these procedures are almost out of 
Question in the infant. An attempt may be made to follow the Von 
Hacker procedure using a straight intestinal needle instead of the 
probe. AVe have, however, found it sufficient to dissect the tract 
almost to the pharynx, and then close it with a transfixion suture of 
five 0 catgut. The suture is left threaded on a fine, full-curved needle, 
and this is passed through the pharyngeal submucous tissue. This 
leases the patient with a very small pharyngeal diverticulum, which, how- 
e ' cr > lies entirely in the submucous tissue. Thus, should a diverticulitis 
e ' er ai- ise, it can be easily incised in the manner of a peritonsillar 
abscess and will not spread into the tissues of the neck. 

^ At the closure of the wound, drainage is nearly always necessary. 
Ibere is often some residual infection, and a dead space, left by the 
icinoval of the cystic mass, can rarely be completely obliterated. The 
H i .'ins can be removed in twenty-four hours. 

Hi the postoperative care, the greatest difficulty will be encountered 
Ri keeping the infant from soiling the wound with saliva. This is best 
< one by the use of silver foil directly over the wound. This is then 
wncred by dressing material into which some waterproof material, 
K !!J h ns °H s dk, has been incorporated. To the drains arc attached 

\ sutures so that they may be removed without disturbing the 

essing. The wound is then not touched for seven days unless there 
J 'ie special indications. 


SUMMARY AND CONlT.USlOXS 

^ Hi aitchiogenic cysts in infancy constitute a different problem from 
standpoint than the similar lesions in the adult. 

, ^ common complication of branchiogonie cysts is infection, 

us should be treated ns conservatively as possible. 

Hifants under twelve to eighteen months of age, the injection 
'j l<, '!" 1 ‘ ,n;1 - v be used. Precautions have been enumerated. 

be operative treatment is the therapeutic measure of choice. The 
imuto r of the incision and the care of the proximal segment of the 
' lc ‘ lm ’e been described in detail. 
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The Prevention and Arrest of Hemorrhage Following 
Gastroenterostomy 


I T HAS become recognized quite generally that a continuous, inverting, 
through-and-through suture of the Connell type has three important 
disadvantages when used in gastric and intestinal surgery. In the first 
place, it tends to produce a considerable diaphragm across the stoma, 
which, although temporary, is undesirable, especially in end-to-end 
anastomosis of the small intestine. Second, anyone who has used the 
stitch on laboratory animals and has observed the appearance of the 
suture line from within the bowel immediately after operating, and also 
during the various stages of healing up to two weeks, will have noted 
the ragged and irregular initial ridge, the small areas of ulceration 
where the mucous membrane is not accurately opposed, and the conse- 
quent delay of healing. The appearance and the reparative process, 
as observed from without, are perfect; from within, both leave much 
to be desired. Whether or not the slight scarring which results from 
the small temporary ulcerations is of importance may be questioned, 


but’ still, any additional fibrosis seems undesirable and unnecessary. 

The third, and most important, objection to the Connell type of 
suture is that it does not insure adequate hemostasis. This is true 
particularly in gastroenterostomy, where bowel walls of unequal con- 
sistence, thickness, and vascularity are opposed. If the method with 
clamps is used, there is great danger of postoperative bleeding if a 
Connell stitch is inserted anteriorly. This danger is decreased if cm 
is taken to ligate, individually, all vessels on the gastric side and the 
larger vessels on the jejunal side, loosening the clamps to observe for 
bleeding before the lumen is closed. Still, there is m uncompressed 
area between adjacent loops of the stitch from which MccHmg iviH 
occur if a vessel has been missed. Vessels which have not bled a he 
time of operation may begin to bleed and continue to do so «ith clew - 
tjon of the blood pressure after operation. 

The subject of the Connell suture ivas brought to mind by t»'o recen 
on“L.roe„.eros.ono- in ; which »» Point nmd. of H.C 

'disadvantages of the suture under discussion. 

disada anta e e ienccs wit h hemorrhage from gastroentcros- 

soo 
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cases, the gastroenterostomies were for chronic duodenal ulcer. Clamps 
and a continuous chromic catgut Connell suture anteriorly were used. 
The larger gastric vessels were divided between mosquito forceps and 
ligated with tine chromic catgut before the stomach was opened. In 
cacli case, after loosening the clamps and just before the Connell 
suture was placed, two or three of the vessels on the jejunal side were 
tied. Within the first hour after operation, while recovering from 
other, both of these patients vomited enough bright red blood to indicate 
progressive, dangerous hemorrhage. In both, I reopened the abdomen, 
made a short linear incision in the anterior wall of the stomach, as- 
pirated the bloody gastric contents, and picked up the two sides of the 
stoma, from inside the stomach, with Allis forceps. In the first of the 
two patients, there was a small artery pumping blood from the middle 
of the Connell suture. A figure-of-eight stitch stopped it. In the 
second patient, there was a steady ooze from the stoma, mostly from 
the side of the Connell stitch. This time, a continuous through-and- 
through fine chromic catgut suture was placed entirely around the 
opening. Both patients recovered. 

Although most surgeons have discarded the continuous inverting 
suture for gastroenterostomy, not much has been written about its 
disadvantages, and I have never seen the transgastric approach for 
the control of hemorrhage described. The complication in its severe 
form should no longer occur, but the simple and certain transgastric 
route, obviating, as it does, a shocking and more difficult direct attack 
on (he stoma from the outside, may prove valuable to anyone faced 
with the necessity of saving such a patient. 

— Clarence E. Bird, M.D. 

Louisville, Ivv. 
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Selective Thoracoplasty 


/"OPERATIONS on the chest wall to produce permanent collapse of 
W tlie underlying tuberculous lung have been performed for more 
than twenty-five years. During this time great advances have been made 
both in regard to the more effective control of the disease and to a lower- 
ing of the operative mortality. Particularly interesting and natural has 
been the development of a more truly selective type of thoracoplasty, 
paralleling in principle the evolution of the modern operation for tri- 
geminal neuralgia, from extirpation of the gasserian ganglion to subtotal 
resection of the sensory root. 

Some twenty-five years ago when the operation of thoracoplasty was 
first being used in the treatment of pulmonary tuberculosis, there was 
discussion by Wilms, Sauerbrueh, and Friedrich in regard to the ex- 
tent to which the costal resection should be carried. For a short period 
of time it was agreed among these pioneers that the extent of the rib 
resection could be limited to the area overlying the diseased part of the 
lung. Soon, however, due to bad results attributed to aspiration by the 
normal part of the lung of infected secretions from the collapsed part, 
Sauerbrueh urged and practiced complete thoracoplasty in practically 
all cases. He emphasized the need for collapse of the lower and more 
normal portions first to prevent, this aspiration; and lie completed the 
thoracoplasty in one or two stages. He furthermore believed that com- 
plete rest for the entire lung was important even though all parts were 
not diseased. As he taught and practiced, so also did most of the 
thoracic surgeons of that period. 

For the next fifteen years, the custom of performing a complete pos- 
terior thoracoplasty in all cases was quite universally followed. Then 
a swing back to the earlier idea of limited thoracoplasty became in- 
creasingly marked. There were changes in tccluiic allowing a greater 
local collapse by resection of longer segments of ribs, or by adding 


extrapleural packing to the rib resection. As more and more cases were 
thus treated and the results proved to be good, the complete operation 
came to be reserved for special cases. 

Thoracoplasty has quite naturally followed the lead of pneumothorax 
therapy in its development and has followed a course closely paralleling 
lint* of the latter. When artificial pneumothorax was first practiced 
in' the 1880’s, a complete collapse of the affected lung was commonly 
attempted As it became apparent that the diseased part of the .mg 

pTof flui it became possible', o apply this treatment to eases In 
1 S02 
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which parts of both lungs were involved. This great advance in pneu- 
mothorax therapy was followed some years later by the application of 
the same principle in using bilateral partial thoracoplasty. Today Ihe 
mere fact that tuberculosis is present in both lungs does not preclude 
the possibility of collapse therapy. 

During the last few years, other modifications of the technic of thora- 
coplasty have been developed in order that greater local collapse might 
he obtained without handicapping the good part of the lung. The addi- 
tion of chondral resection, or hinging^ to the complete resection of the 
upper ribs produces a marked degree of local collapse. The resection 
of the lower end of the scapula to allow it to fall in over the collapsed 
lung without extending the rib resection below the fifth or the sixth 
rib is another step in the direction of preserving normal lung tissue 
while securing adequate collapse of the diseased part. But of all the 
modifications that have been described, it seems that the opei’ation per- 
fected by Scmb represents the greatest advance. In this procedure, 
called "thoracoplasty with extrafascial apicolysis, ’ ’ large cavities in 
the upper part of the lung may be completely collapsed without re- 
course to extensive anterolateral resections or total thoracoplasties; and 
in cases with small apical cavities, complete closure frequently follows 
tl'e first-stage operation. 

This operation of Semb’s differs from others previously described in 
'hat following an extensive resection of the upper ribs, the apex of the 
lung with its overlying pleura, intercostal structures, and costal peri- 
osteum is completely mobilized. This is accomplished in several slops, 
f'brsl, (lie scalene muscles are divided well above the first rib. Then, 
• he costal periosteum and intercostal structures are cut across near their 
connections with < he vertebral column and with the sternum in the re- 
gion of the first eliondrosternal junction. Finally, the hands of fibrous 
tissue running up from the cndothoracic fascia covering the apex of the 
lung to the vertebral column and to the fascia about t lie brachial plexus 
and subclavian vessels are isolated and divided. Only loose areolar tissue 
remains to hold up the apex after this, and following its separation, the 
"PMC lies free. The upper lobe is thus allowed to collapse in a vertical 
direction ns well as medially. The subsequent extent of the collapse will 
be determined by the amount of further rib resection. This may he 
limited to an apical thoracoplasty or may be extended to a complete 
thoracoplasty. Having once freed the apex of the luiur and resected 
'be overlyiii” ribs, the way has been cleared for a true concentric rob 
hq^c m the underlying pulmonary tissue. 

1 lie operative mortality in the reported series lias been vein - low 
" belt the extent of the rib resection has been limited to six ribs or less 
■" " 1 "' since H? per cent of seventy-seven patients i. hi a number of 
'linies id Hu's country, the mortality rate with the usual form of thorn- 
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coplasly lias been no higher than this, and lower in some instances. 
This point is, therefore, in itself no reason for adopting this technic. 
However, when one considers the success obtained in cavity closure, it 
is seen that in a series of 133 patients the cavity was closed in more than 
90 per cent; and in another series of eleven patients whose cavities had 
resisted closure by the usual methods, ten had been closed by the new 
technic. It is in this important field, the treatment of the elusive cavity, 
that this operation has been of the greatest value. 

Although there have been as yet no reports on the use of this opera- 
tion in this country, a number of thoracic surgeons here have been per- 
forming the operation since its description was published in 1935. Their 
results have closely paralleled those of Semb, and their endorsement 
of the principles involved has been enthusiastic. Complications have 
been few when the careful and painstaking teclmic of Semb has been 
followed. However, the operation carries with it considerably more 
risk than the ordinary form of thoracoplasty, and if not carried out with 
meticulous attention to sharp dissection and hemostasis, the results may 
be disastrous. But this need for a more time-consuming and exacting 
technic is more than compensated for by the results obtained. By this 
operation we can achieve the closest, approach yet made possible to the 
truly selective collapse of the diseased lung. 

— Richard If. Meade, Jr., M.D. 

Philadelphia, Pa. 
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Distinct changes in the character of the contrast substances used have 
been reported particularly by Newman ,' 5 who advocates the use of anes- 
thetic gases, such as ethylene. This may be helpful in relieving the un- 
toward symptoms produced by gases which absorb more slowly. Schoen- 
feld and Freeman, 5 " Freeman, Schoenfeld, and Moore , 07 and Twining 
and Rowbotham 08 have described the combined use of thorium dioxide 
sol (thorotrast) with air in ventriculography. While there is some 
doubt as to the safety of this procedure because of the possible imme- 
diate and late effects of thorotrast, the possibilities bear further study. 
There have been, in addition, numerous individual contributions to the 
interpretation of various abnormalities in the ventriculogram and the 
encephalogram. 

A new development first described hv Egas Muniz 00 ' 01 and since elu- 
cidated further by other authors 02 ' 00 envisages the injection of thorotrast 
into the internal carotid artery to produce a visualization of the blood 
vessels of the brain. In this way, changes due to tumors or other de- 
formities may be clearly made out. This procedure has not won great 
favor in this country but appears to he Avithout any great danger. It. 
is someAvhat difficult to do from a technical standpoint hut may have 
further application as described by Loman and Mycrson 00 

In the interpretation of intracranial lesions, the Avork of Kopylov 01 
has added considerably, particularly to our understanding of the effects 
of hydrocephalus on the bony structure; and lie believes that even with- 
out the use of contrast sub stances some evidence may he ascertained as 
to the localization of the obstruction in hydrocephalus . Great improve- 
ment in the understanding of the bony changes which oeeur from other 
intracranial lesions has occurred due to flic contributions of Panconst. 0 ® 
The importance of intracranial calcifications has been stressed by Low- 
Beer , 00 and the changes produced by tumors of the acoustic nerve are 
Avell described by Ebenius . 70 The abnormalities produced by pituitary 
tumors and other tumors at the base of t lie skull have been elucidated 
by Mayer . 71 In a recent article Bosnian, 7 - presents a general revicAV 
of the value of the roentgenology of the skull in intracranial lesions, 


and he gives an excellent, picture of the present situation. 

The effect, of intrinsic lesions of the skull itself upon the roentgen 
pietiu’e -is Avell described in papers on this subject by a number of 
authors. The recent contributions of Moore 73 - 74 add much to our knowl- 
edge of the metabolic craniopathies and of the significance of Jiyperos- 
tosls cranii. Geschickter 73 has described the changes occurring from 
nrimarv tumors of the cranial hones themselves, and in a paper by 
TYis-ib-ich and Dyke 70 some increased clarification of the subject ol 
osteitis circumscripta and its roentgen appearance is afforded. I mice" 
has described the roentgen appearance of tlu- healing of skull inicturc.s 
and the period of time which must elapse before evidence of ...non am. 
be detected in the roentgenogram. 
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The use of iodized oil in the diagnosis of spinal cord tumors has con- 
tinued, but with some misgivings, on the part of those utilizing the 
method. It has been felt that the indiscriminate injection of iodized 
oil in the spinal canal may produce deleterious changes in the meninges. 7 " 
Nevertheless, when indicated, it is of great value and should be perhaps 
used in larger quantities than in the past. 

A rather new development in the roentgen diagnosis of spinal canal 
lesions is that which was preceded by the work of Mixter and Bany” 
and others. They demonstrated that a rupture of the intervertebral 
discs might occur from trauma; from this may result an extrusion of 
Ihe nucleus pulposus posteriorly and secondary compression of the nerve 
roots or of the spinal canal. Hampton and Robinson 80 have demon- 
strated brilliantly the roentgen findings under these circumstances after 
the injection of 5 e.e. of lipiodol, roentgenograms being made in the 
posteroanterior projection, and Love and Camp 81 have since confirmed 
their observations. A correct diagnosis of this condition can only be 
made in this manner. 

The bony changes which occur in the spinal canal secondary to lesions 
of the spinal cord, particularly tumors, have been well described by 
Camp, Adson, and >Shugrue. s - They find changes in the pedicles which 
are diagnostic in almost half the cases. A method of examination in 
whieh measurements are made between 1 ho pedicles of t ho spine to 
determine an increase in the size of the spinal canal as a result of 
tumors is advocated by Elsbcrg and Dyke 83 and no doubt is of consider- 
able value in certain cases provided the normal variation is taken into 


account. A general review of the value of a roentgen examination of 
tumors ol the spinal canal in childhood is afforded by Ilamhy. 8 * 
Increased knowledge of the presence of accessory processes and of 
congenital anomalies of the spine is presented in the papers of Farmer, 8 ’’’ 
Evans.’"’ and Wagner.' 7 The roentgen manifestations of tuberculosis 


of i lie spine are well shown in the contribution of Doub and Badglcy," 
•>nd tlie findings produced by osteomyelitis and nontuherculous infec- 
tions have been described by Sussman."' 1 t'ongenital anomalies involving 
the iumhnsnerai joint and those associated with spondylolisthesis are 
bt ought out in the papers of Mcyiwding‘ m and Ferguson." 1 A new re- 


Uev of the subject of juvenile kyphosis by Scheuermann.'* 2 who orig- 
in. dl_\ described t his disease, has appeared, and lie has clarified our 
"•»« option vertebral osteochondritis by correlating his research with 
the investigations of Selunorl on the nucleus pulposus as reported hv 
•Mtnglianiis.'" Compere and Kc\cs- ha\c also added to our knowledge 
"‘ t lie importance of the intervertebral disc and Ihe effects of trauma and 
at diseases upon the roentgeiiographie appearance of the spine. 

A i.tlhei icernt development in the use of contrast substances is in- 
l."lir and -laeobi." who injeeted thoiotrnst into 
mr\. shr.-nl,,.. describing the normal appearance and the changes 
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winch result from injuries and other abnormalities. Saito™ lias more 
recently outlined this procedure and indicated particularly the changes 
occurring- from injury and tumor under such circumstances. This ap- 
pears to he a valuable procedure for the diagnosis of lesions of the pe- 
ripheral nerves. 

Further utilization of contrast substances may be noted in the work 
on direct arteriography and veinography in which contrast substances 
of various types are injected into the blood vessels. At the present 
time, the most commonly used contrast substance is thorotrast, although 
some authors prefer diodrast or ncoiopax, while frequently sodium 
iodide itself is used. Numerous contributions in this field have been 
reported. Valuable information as to the application and technic of 
this procedure in the study of the arteries is afforded in papers by 
Pearse and Warren, 01 Allen and Camp, 08 and Veal and MeFetridge," 
while Wohlleben 100 and Barber and Orle.v 101 detail the diagnostic pos- 
sibilities of injection of the veins. 

Although first described in 1929 by Radt, 1 " 2 the development of the use 
of thorium dioxide sol (thorotrast) for the diagnosis of the diseases of 
the liver and spleen has been rather slow, due largely to the fears which 
failure of excretion of this slightly radioactive material has engendered. 
In spite of the rather pessimistic report of Stewart, Einhorn, and Jiliek 
in 1932, 103 numerous papers have reported encouraging results with 
the use of this substance. 104 ' 108 The utilization of this method for the 
determination of metastases in the liver and spleen lias been par- 
ticularly described by Ericksen and Bigler 1 ® 9 and by Ilirseh and Mor- 
ton. 110 The end-results have been studied by Bigler, Koucky, and 
Abraham, 111 Nacgeli and Lauchc," 2 Yafer, Otell, and Hussey, 113 and 
others, but the final effect of this material is still somewhat in doubt, 
and conservatism must be exercised in its use. There is no doubt that 
accurate diagnoses as to metastases and otliei- diseases of the liver 
mav be made by the intravenous injection of thorotrast, but its use 
should still be restricted to serious ailments in elderly individuals. 


A relatively new roentgenographio procedure of great interest to 
surgeons is that designated as cholangiography, in which a roentgen 
opaque substance is injected into the common bile duet either through 
a needle during the operation, as described by Afirrizi,'" or after oper- 
ation through a drainage tube which has been put into the common 
duct. The use of various opaque substances has been advocated, 
iodized oil being used by Ginzburg and Benjamin. 11 - diodrast and other 
iodine compounds by Robins and Tlermanson. 1 - 1 ami Hieken, Best, and 
Hunt 111 Saralegui llS has found greater success with thorotrast. '1 lie 
abilitv to demonstrate occlusion of the common duet, stones, and other 
lesions not onlvin the common duet itself hut in the smaller bile din-ts. 

, " ,, demonstrated; this procedure is of great value w lie 

r Oration of the condition of the biliary tract Mlowina open atoms 
Sr,“»niM<lcr or rvrn dnrtaf He oprro.iv,. P-rio.1. 
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The use of contrast “ Reived" some^tother impetus 

joints, while m no sense ne , 0 £ a j r Nagy 

through the studies of Bircher, 11 w to a ‘ compounds with 

and Pol gar 120 have used uroselectan and other me «m comp 

considerable success, demonstrating esl01 ^ , 1 * veY i e wed the 
not clearly visible in the roentgenogram Mm ^ M . 

value of these various media m diagnosing .1 d th use 

eently Simon, Hamilton, and carti- 

of air particularly for the diagnosis o 3 ^ link or no find- 

lagcs which, in the ordinary roentgenogram, m j e 

1H ” S ' . . , • t salivary -Band, considerable dif- 

]„ the 4hpmm of les. 0 , 0 of »hc aahun » B «.ky and 

fieultv has been encountered m the past, tot mccs espe- 

Silverman m and Payne- advise the use « 

cially lipiodol, injected directly into the saiU J‘> VC ndily be 

due to stones or other lesions, or ruptures of the dmt may 

demonstrated in this fashion. i„ ncrt . «-n S 

Improvement in the roentgen of hronchog- 

grcatly enhanced many years ago 1 ^ usc of contrast sub- 

raphy, the examination ot the hiomh tho(ls 0 £ introduction 

stances, particularly lipiodol. ( hanges m ^ aml th(1 utilization 

of this material have taken place to son t i. T v Uallv 

of this method in the diagnosis of carcinoma o 'ticnlarlv 

. i ivis been reported pal ncuiau.i 

lam raluwt m (his present , Ws |„ ,hc 

by Gvcenbamiv'-’ and I* annas. 1 e , . . 

study of postoperative lung diseases and m ” om ’ 
particularly brought out by llcdblom and van .v/c ■ 

u, Ki,,,n™ .... th, <n. .«..,*•» »f “) , j" : 

b,,„ v,rv to .h, pas, f,v, y™>- <»««*"* " "" f, ? p 

,h, <>Wrali,ms „f ll,,..**” ami K,vl,y.- <U™ls 

*mm*> hav, Ik*,, r,p,nl,'l V *»««.» " 1 

Ihc vain, of lh, ni,nlK,n ii!»s,rvi,,i,»> ", a,,h' 1 l,1MS - .. 

marktow „I ,l„ tons, ami .-to* A taHmr "T"* ™ h ' 

roentgen findings in pulmonary sulcus tumois >> am 
general description of the appearance ot extiapu nioii.nj un ) • 
Peirce- must also be considered. A large number of papers M 
appeared detailing tile roentgen findings in cNstie < lseas. o 1 ^ 

and a general review of ibis subject by Bloessei * n " vn 
should be noted. Numerous contributions on the appearance of the 
lungs after til. resections and other operative pxxtduxs ax o ton 
siderable importance; among others, the papei of laiuh is 1 11 
mutating. Improvements in the diagnosis of various speeifn . istaxs, 
such as the speeifie sign reported by Plieinister. Steen, and ^ <>< < i 
Hint'" f,, r the diagnosis of dermoid cyst and the description «f the 
appearance ,.f infected hydatid cysts l.y *1 illier. 1 ax- of some im- 
portance. Klu.-idation of tin- signith-anee of tin- basal triangular 
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shadows frequently observed in children as being due to atelectasis 
and bronchiectasis has been afforded by the work of Anspaeh, 130 
Warner and Graham. 111 ’ and Richards. 1 - 1 Further assistance in the 
localization of foreign bodies in the lungs is given by Hie paper of 
Manges. 1 - 2 While the roentgenologic findings in silicosis and silico- 
tuberculosis arc well established, further additions to our knowledge 
have been made by Pancoast and Pendergrass 14 - 1 - 144 and Garland, 143 
while the specific findings produced by asbestosis are described hv 
Shull. 14G 


The roentgenologic manifestations of diseases of the pleura have 
been described by a number of authors. The anatomic distribution of 
the interlobar fissures and the explanation of the roentgenologic pic- 
ture produced by diseases of these reflections of the pleura have been 
well described by Levitin and Brunn. 14 " Evidences as to the mode 
of development of encapsulated interlobar effusions was reported by 
Rigid'. 148 A general description of the roentgenologic findings in 
diseases of the pleura can be found in the section on this subject by 
Liebmann. 14 ” Newer methods of procedure in the roentgen examina- 
tion of the thorax, particularly for the demonstration of pleura! ad- 
hesions, have been described by Haight and Peirce. 1-10 The use of 
opaque substances in outlining the mediastinum as to its movements, 
normal appearance, and the effect of abnormalities upon it have been 
described by von Pannewitz, 151 who injected uroseleetan directly into 
the mediastinal space by needle puncture. This procedure, however, 
has not been generally adopted. 

The importance of the roentgen examination of the urinary tract lias- 
assumed greater and greater proportions in the past few years, par- 
ticularly with the full development of excretion urography. A gen- 
eral description of the uses of intravenous urography is found in the 


article by one of the original discoverers of the method . 1 '' 2 Other gen- 
eral descriptions of its application arc reported in papers by Braasch , 1 '" 1 
Kornblum , 154 and Dyes . 155 The utilization of intravenous urography 
in children is well described in a paper by Campbell . 13 ' 1 Swirl;.”'- 


the originator of this remarkable improvement in the roentgen diag- 
nosis of urinary diseases, describes the general findings and also adds 
a new type of opaque substance which may be used by oral adminis- 
tration with a moderate degree of success, although the results are 
uncertain. The subcutaneous injection of neoskiodan has been advo- 
e-ifed by Beer and Theodore , 1511 who report some success with its use, 
particularly in children. Swirl ;. 1 ' 10 in another paper, outlines the value 
of the various types of opaque substances which can be used and par- 
tieiflavlv describes the usefulness of sodium orthohippuratc. other 
, of excretion urography have been adequately brought out h 
r 1(11 and its particular utility in the diagnosis of tnnimntie lesions 

o*- "■ 
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venous and retrograde pyelography in the diagnosis of tuberculosis 
of the kidneys and upper urinary tract has also been studied. 1 ® 3 ’ 1,14 

A classification of the tumors of the urinary tract has been made 
by Nichols, 10 " particularly with regard to their manifestations in the 
roentgenogram. The criteria for diagnosis of papilloma of the kid- 
ney pelvis are well described by Jansson . 100 A method of procedure 
is again elaborated by Sutherland 1 ' 17 for the roentgenoscopy and roent- 
genography of the kidney at the operating table in order to eliminate 
the possibility of stones remaining in the kidney after a surgical 
procedure. 

Further investigation of the use of contrast substances in the lower 
urinary tract has been made by ^Iigliardi, 5<! ‘ t who describes a method 
ot visualizing the urethra and the bladder by means of descending 
cystourethrography. The use of double contrast media, barium and 
air in the urinary bladder, has been advocated by Santoekij, 1 ®* and 
Lillies and Kerr 170 have described their method of using an opaque 
medium in the posterior urethra combined with air in the bladder. 
The injection of the seminal vesicles with lipiodol is again described 
in some detail by Junghanns . 171 

hi tlie roentgen study of the gallbladder, the changes in technic out- 
lined above represent the more outstanding contributions. The study 
of what may be called cliolcdochography by Kommerell 178 brings out 
the fact that following a fat meal during the contraction phase of the 
gallbladder llie common duet can be clearly visualized filled with the 
dye. and a study of this may be of considerable value. Anatomic 
variations in the appearance of the gallbladder have been well de- 
scribed by dross . 111 and the roentgen appearance of an anomaly of 
ihe fundus, the Phrygian cap gallbladder, lias been clearly elucidated 
by Ihiydcn .’' 4 The roentgen findings in benign tumors of the gall- 
bladder. particularly papillomas and adenomas, have been described 
l«>r the first time by Kirklin,' 1 '’ who indicated certain specific signs 
•o identify sm-h lesions. The importance of the demonstration of air 
m the biliary duets by roentgenogrnphie examination as a sign of 
internal biliary fistula is emphasized by Powers . 11 ' 1 and other methods 

of demonstrating biliary duodenal fistula are again pointed out hv 
Ib-iite ], 111 


1 he roentgen study of the soft tissues of the neek received great 
impetus from the book on this subject bv liny. 11 " Further observa- 
tions on the roentgen study of jlie tissues of the neck have been made 
b> 1 aiieoast.’ particularly with reformer to tumors of the pharvnx. 
upper esophagus, and about the larynx A relatively new stndv of 
! . esophagus has be,-n made with tin- purpose of demonstrating 

"bh'h. prior to ibis time, have been considered practically 
imisitij.. j„ the ordinary roentgenogram. Changes in technic have 
' iM i < d excellent demonstration of varh-ositie.x as shown in papers bv 
l.i ut. p- and others.*'*’- i *~ 
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Considerable interest is still exhibited in the diagnosis of changes 
about the hiatus esophageus, as illustrated by the paper of Sehatzki, 1S3 
who described the increased mobility of the stomach in this region. 
An extensive description of the anatomy and the roentgenologic find- 
ings in hiatus hernia is afforded by Harrington 184 and also by Knothe 185 
and Wagner. 18 ' 1 Recent observations by Manges and Clcrf 147 would 
seem to indicate that many of these jmraesophageal hernias previously 
reported are really due to a congenitally short esophagus, and some 
confirmation of this theory is afforded by Dunhill .«» While there are 
undoubtedly certain eases in which the congenitally short esophagus 
is the cause of an apparent hernia, the vast majority of cases are no 
doubt due to increased intraabdominal pressure together with a weak- 
ened esophageal hiatus. 


There have been no outstanding contributions during this period to 
the roentgen diagnosis of diseases of the stomach, but there are a num- 
ber of papers which are of considerable interest. The study of the 
mucosa of the stomach has continued with greater effort, and a descrip- 
tion of the anatomy and physiology of the mucosa by Forssell 189 is 
of great value in elucidating its roentgen appearance. Dnhm and 
Mayer 190 have also pointed out the correlation between the anatomy 
and the roentgen findings. The series of articles by Cole and 
others 191 ' 193 detailed their observations on the anatomy and pathology 
of the gastric mucosa and their relationship to the roentgenographie 
picture. Further additions to our knowledge of the physiology of the 
stomach and the effects of various procedures on its emptying have 
been afforded by the papers of Pendergrass, Ravdin, Johnston, and 
Hodes. 21 ’ 104 The roentgen appearance of the operated stomach after 
various surgical procedures is well described by Xiedermayr 11 ’ 3 and 


Held. 1911 The question of the malignancy or benignity of ulcers in the 
prepvloric region has been dealt with in considerable detail by 
Holmes, 197 who believes that practically all ulcers in antrum will 
eventually prove to be malignant ; while Singleton 1 "'' has described a 
number of eases in which definite ulcers in the prepyloric area have 
proved to he benign. While it is no doubt true that a preponderance 
of these lesions are malignant, no definite statement can be made 
purely on a basis of location. The frequency of benign tumors of Un- 
stomach and their malignant degeneration, together with the roentgen 
characteristics of such lesions, are described by Kigler ami Erickson. 199 
The importance of the prolapsing lesions of the mucosa of the stomach 
■main was brought out in the paper of Pendergrass and Andrews. 5 "" 
- A j es j on of the pyloric end of the stomach commonly mistaken for 
\ . ' w ],j t .h had not been recognized to any great extent, roent- 
SogtcaUy, prior to 19»2. was well described by Hernsfei,,-- and 
^ain Iff Kirklin and Harris. 2 "- This is a hypertrophic stenosis of tie 
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pylorus in' adults which may be difficult to distinguish from a tumor 
but has certain clear-cut roentgenologic characteristics to indicate its 
benign character. 

Sarcoma of the stomach is not a rare condition, and the roentgen- 
ologic characteristics have been well described by Kessler 203 and also 
by Spitzenberger. 204 The appearance which lymphomata of various 
types produce in the stomach and other portions of the gastrointestinal 
tract is well detailed by Holmes; 205 and more recently Martin 200 has 
described the roentgen appearance of lymphogranulomata of the stom- 
ach itself. 

Much attention has been directed to the small intestines in recent 
years because of the realization that various diseases, particularly 
tumors, are amenable to roentgen examination if the technic is prop- 
erly carried out. Accordingly, a paper by Pansdorf 207 detailing the 
technic of study of the small intestine and its normal appearance is 
of considerable importance. The findings produced by ideopathic 
steatorrhea in the small intestine, the colon, as well as in the bones, 
were well described by Bennett, Hunter, and Vaughan in 1932. 208 
Snell and Camp 209 have also detailed the roentgenologic and clinical 
findings in this condition, often called nontropical sprue. Typical dila- 
tations, irregularities, and peculiar distributions of the small intestinal 
loops may be found. The effect of inflammatory lesions in interfer- 
ing with the motor phenomena of the intestines and their roentgenologic 
appearance is well described by Cole and Pound. 210 The roentgeno- 
logic findings in ileus, particularly with regard to the importance of 
the demonstration of gas in the small bowel, are emphasized by 
Ochsner, 211 while the importance of the demonstration of fluid levels 
m the diagnosis of intestinal obstruction is brought out by Durst and 
Utzschneider. 212 The danger of giving barium in ileus is well recog- 
nized and is emphasized in a paper by Prevot. 213 While most diver- 
ticula of the intestinal tract have been readily accessible to roentgen 
examination, it has been notably difficult in the past to diagnose a 
Meckel's diverticulum roentgenologically. This, however, has been 
successfully done as reported by Pfahlcr in 1934 214 and Prevot in 
1936. 215 

The roentgen diagnosis of tumors of the duodenum has been well 
described by Hraboszky 210 and a report of a series of cases of car- 
cinoma of the small intestine, with the roentgenologic manifestations, 
"as made by Doub and Jones in 1936. 217 Careful attention to technic 
"dl permit the diagnosis of small intestinal tumors in a high per- 
centage of cases. 

A description of a new disease syndrome, regional ileitis, by Crohn, 

diizburg, and Oppcnlieimer 218 has led to the determination of the 
loentgenologie findings which are the most important means of diag- 
nosis in this unusual condition. Kantor 219 has described very well 
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Considerable interest is still exhibited in the diagnosis of changes 
about the hiatus esophageus, as illustrated by the paper of Sehatzki , 1S3 
who described the increased mobility of the stomach in this region. 
An extensive description of the anatomy and the roentgenologic find- 
ings in hiatus hernia is afforded by Harrington 184 and also by lvnothe 1 * 5 
and Wagner . 180 Ecoent observations by Manges and Clcrf 187 would 
seem to indicate that many of these paraesophageal hernias previously 
reported are really due to a congenitally short esophagus, and some 
confirmation of this theory is afforded by Dunhill . 188 While there are 
undoubtedly certain cases in which the congenitally short esophagus 
is the cause of an apparent hernia , the vast majority of cases are no 
doubt due to increased intraabdominai pressure together with a weak- 
ened esophageal hiatus. 


There have been no outstanding contributions during this period to 
the roentgen diagnosis of diseases of the stomach, but there are a num- 
ber of papers which are of considerable interest. The study of the 
mucosa of the stomach has continued with greater effort, and a descrip- 
tion of the anatomy and physiology of the mucosa by Forssell 189 is 
of great value in elucidating its roentgen appearance. Dahm and 
Mayer 100 have also pointed out the correlation between the anatomy 
and the roentgen findings. The series of articles by Cole and 
others 191 ' 103 detailed their observations on the anatomy and pathology 
of the gastric mucosa and their relationship to the roentgenographic 
picture. Further additions to our knowledge of the physiology of the 
stomach and the effects of various procedures on its emptying have 
been afforded by the papers of Pendergrass, Kavdin, Johnston, and 
Hodes . 21 * 191 The roentgen appearance of the operated stomach after 
various surgical procedures is well described by Niedermayr ,I,s and 
Held . 190 The question of the malignancy or benignity of ulcers in the 


prepyloric region has been dealt with in considerable detail by 
Holmes , 197 who believes that practically all ulcers in antrum will 
eventually prove to be malignant : while Singleton has described a 
number of cases in which definite ulcers in the prepyloric area have 
proved to be benign. While it is no doubt true that a preponderance 
of these lesions are malignant, no definite statement can be made 
purely on a basis of location. The frequency of benign tumors of the 
stomach and their malignant degeneration, together with the roentgen 
characteristics of such lesions, are described by Rigler and Mrieksen . 11 ’ 9 
The importance of the prolapsing lesions of the mucosa of the «to"iarh 
aRa in was brought out in the paper of Pendergrass and Andrews.-"” 

” V lesion of the pyloric end of the stomach commonly mistaken for 
J . \ m ,t been recognized to any great extent, went- 

“T™ W» * 
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ondary phenomenon, nevertheless, his demonstration of the x-ray changes 
is of considerable value. Camp 230 in 1932 reported ten cases with char- 
acteristic roentgenologic findings and elucidated very well the char- 
acteristic roentgen features. In a later paper, Elmslie, and others 287 
reported a very large number of eases of various types with character- 
lstic findings. The importance of the roentgen demonstration of calculi 
in the kidney in these cases was emphasized by Lahey and Ilaggart ; 23S 
and in a paper by Moore and de Lorimier 239 there is a general review 
of tire roentgen appearance of the deossification which occurs from dis- 
ease of the parathyroid gland. A recent review by Camp 240 of the 
various malacic diseases is very illuminating in this regard and helps 
to classify the roentgenologic findings which are characteristic of the 
various conditions producing osteoporosis. 

A suggestion for the use of thorotrast in the early diagnosis of osteo- 
myelitis was made by Sedgenidse and Solotuchin. 241 They believe that 
it is possible to demonstrate very small traumatic or infectious lesions 
of the bone because of the tendency for the reticuloendothelial cells to 
migrate to a point of disease. Injections, intravenously, of very small 
quantities of thorotrast revealed, within a short period of time, a col- 
lection of this material in the region of a bone lesion. While this work 
has not yet been confirmed, it presents an interesting possibility for the 
early diagnosis of osteomyelitis. 


Further observations of the diseases which are classified as osteochon- 
dritis have been made by Brailsford. 242 The malacia of the semilunar 
Jone, originally described by Kienbock, lias been again well reviewed 
J fillies. 240 Tumors of the bone have received relatively little attention 
c uring this period of time. The roentgen appearance as compared with 
the pathology in lymphoblastomata of the bones is described by Craver 
<uid Copeland, 244 and the simulation which Hodgkin’s disease of bones 
may make to other malignancies was brought out in a more recent 
paper.- 4 - The roentgen findings in primary bone tumors of children, 
" rich present specific findings, are described by Goin and Carroll. 219 


Ghormley 24 ' has reviewed well the comparison of the anatomic findings 
<md the roentgenologic findings in a large group of joint diseases, par- 
icularly with regard to tuberculosis. He points out the difficulty of 
i mgnosing tuberculosis in the roentgenogram in view of the similar gross 
pathologic appearance which it may have to other types of joint dis- 
ease. A large series of eases of bone and joint tuberculosis are reported 
>> Birkelo and Jargynka, 248 and the roentgenologic findings are again 
< escribed. Odesskv 249 has brought out clearly the anatomic basis for the 
ji-i av findings in so-called posttraumatic periarticular ossification of the 
mcc joint (Kohler-Pcllcgrini-Stieda’s disease). This has been of con- 
siderable interest in recent years, and Odessky shows well the exact loca- 
ion of these shadows which are so striking. 
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the essential features of the roentgenologic examination of ileitis, ami 
recently Sproul) 220 has reviewed the subject again and indicated Hie 
important findings. 

Aside from the important changes in technic which were mentioned 
in Part I, the diagnosis of lesions of the colon has not been radically 
altered. A general review of roentgenologic features of carcinoma 
of the colon by Weber 223 in 1933 and a paper on the appearance of 
the colon in the roentgenogram following infestation with amelia by 
Bell are outstanding contributions. Schwartz 221 has reviewed the 
entire subject of the present status of the x-ray diagnosis of diseases 
of the colon in comprehensive fashion in the past year. The charac- 
teristic roentgen findings in lymphogranuloma inguinale, a stricture 
of the rectum, were described Bloom in 1934. 224 

The roentgen diagnosis of diseases of the pancreas has never been 
of great moment, but a recent paper by Haring 225 on this subject 
adds considerably to our understanding of the changes in the gastro- 
intestinal tract and in the abdomen produced by pancreatic disease. 
The importance of roentgen examination in the diagnosis of the more 
acute conditions of the abdomen is well brought out in a contribution 
by Stewart and llliek, 22 " and the demonstration of gas in the peritoneal 
cavity following the rupture of a hollow viseus is clearly delineated 
by Finsterbuseh and Gross. 222 

Further observations on the roentgen diagnosis of intussusception 
have been added by Hinstorfii 228 and by Ladd and Gross. 222 It is only 
possible to diagnose ileocecal or ileocolic intussusception by the ba- 
rium enema method. 

In recent years, great attention has been centered on the clinical 


syndrome produced by infection of the petrous portion of the tem- 
poral hone, associated with mastoiditis, and the value of the roentgen 
examination of this condition has been well pointed out by Kapctxky 
and Almour. 230 Goyman and Clark in 1932 231 demonstrated some of 
the roentgenologic findings, and more recently Taylor 232 has elucidated 


the position in which films should be made to demonstrate the petrous 
apices and the characteristic changes which will occur when infection 
of this portion of the skull takes place. 

While the diseases of the bones associated with hyperplasia and 
tumors of the parathyroid gland wen- first described in 192fi. Hie 
roentgenologic studies of these eases have been of more recent origin. 
Numerous papers have appeared showing the relationship of osteitis 
fibrosa evstica to disease of the parathyroid trhuul and iiidicalinp the 
characteristic roentgenologic findings, which one may see under these 

* Vfinnc Anion 0, these contributions is the paper ot Hunter and luin- 
eonditions. Amn^u ^ ^ ^ r(M . nl „ en s(Uliirs . While the 

bulk 33 LC * C " niav he criticized because of the possibility that 

patients had hyperplasia of the parathyroid plan.! «- 11 
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A review of the value of roentgenology in gynecologic diseases, par- 
ticularly with regard to hysterosalpingography, is offered by Jarcho .” 0 
A new procedure for the roentgen diagnosis of placenta previa was first 
described by Ude and Urner . 251 This method consists of injecting a small 
amount, of opaque substance into the bladder and making roentgeno- 
grams of the pelvis. A marked separation between the head of the fetus 
and the superior surface of the bladder is evidence in favor of a placenta 
previa. With certain reservations, this method is highly successful in 
helping to make a diagnosis of this serious condition. 

The clinical findings in lead poisoning, not an uncommon incident of 
childhood, are described fully by C.a ffey, 2 ’*- together with the roentgeno- 
logic manifestations. The roentgen findings arc also delineated by 
Vogt . 253 As pointed out in Part I, newer technical measures have per- 
mitted tire study of the soft tissues to a much greater degree with the 
roentgen rays, and a summary of many of the findings which can be ob- 
tained in this way is afforded in a paper by Carty. 2S< Grata 255 suggests 
another procedure, that is, the injection of air into the fascial spaces for 
the purpose of demonstrating lesions of the muscles and soft tissues. 
This has been used to some extent, but its possibilities are still very 
doubtful. The roentgenologic diagnosis of gas in the soft tissues, par- 
ticularly that occurring with gas bacillus infection, is again described 
by Rhinehart , 250 and be emphasizes the importance of the roentgen 
examination in the diagnosis of this condition. Further details ns to the 
roentgen diagnosis of lesions of the breast are furnished by Lockwood .” 52 
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Review of Recent Meetings 


THE FIFTY-THIRD ANNUAL SESSION OF THE AMERICAN 
ASSOCIATION OF ANATOMISTS, TORONTO, CANADA, 
MARCH 25 TO 27 


Edward A. Boyden, Ph.D., Minneapolis, Minn. 

fFrom the Department of Anatomy, University of Minnesota) 


| 'HE American Association of Anatomists held its annual tliTee-dav session this 
year (March 25 to 27) under the aegis of the University of Toronto. In addi- 
tion to all-day sessions, a smoker was given on the first evening and a subscription 
dinner on the second. On the latter occasion the guests assembled to the strains of 
Scottish bagpipes and were welcomed by the Governor-General of Canada, the Chan- 
cellor of the University, and the distinguished Professor Emeritus of Anatomy, Dr. 
James Playfair McMurrieh. The association then listened to the scholarly address 
of its president, Professor Prederic T. Lewis, of the Harvard Medical School, on the 
subject, The Fundamentals of Cell Shape. 


As usual the sessions were well attended, some three hundred anatomists, out of a 
membership of about six hundred and fifty, being present. Altogether, sixty demon- 
strations (including numerous moving pictures) and one hundred and fifty-one papers 
were presented in the space of three days. Abstracts of these presentations may be 
found in the March issue of The Anatomical Record (67: No. 4, suppl. 3). 


A feature of this, ns of the preceding session, was the holding of round-table dis- 
cussions during the mornings of the second and third days. These covered the fol- 
lowing subjects (the chairmen are indicated in parentheses) : (1) Factors in Sperm 

Production (Professor Philip E. Smith, Columbia, University) ; (2) The Embryonic 
Heart (Professor Bradley M. Patten, University of Michigan); (3) Structure of 
the Teeth (Professor T. Wingate Todd, Western Reserve University); (4) Present- 
Day Trends of Investigation in the Field of Gross Anatomy (Professor Robert J. 
Terry, Washington University); (5) The Structure of the Neuron and Its Func- 
tional Significance (Professor David M. Rioch, Harvard University); and (111 
Blood Capillaries (Professor E. V. Cowdry, Washington University). A summary 
of these discussions will he published in the April or May issue of The Anatomical 
Record. 


The hundred and fifty twelve-minute articles were divided among the following 
fields approximately as follows: endocrinology (-10), neurology (30). embryology 
(30), histology (30), and gross anatomy (20). Some idea of the congestion result- 
ing from so many presentations may be gained from the schedule of the second 
morning when six’ programs (three of a dozen twelve minute paper? each, and three 
of round-table discussions) were being earried on simultaneously. It is. therefore, 
impossible for nnv one person to summarize all the important papers. Accordingly, 
the following reviews are presented merely as samples of the programs presented 

at this meeting. 

From a surgical standpoint the moving picture demonstration of the saree.sf.il 
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Chicago Loyola University School of Medicine, was perhaps the most striking. The 
operation consisted of inserting a leg of the donor into a V-shaped incision in a leg 
of the host, following which the two animals were bound together until the trans- 
planted leg was vascularized. At the time of operation half of the sciatic nerve of 
the host was sutured to the sciatic nerve of the transplanted leg. Subsequently, 
pinching of the host’s leg resulted in reflex movements of the transplanted limb. 
Eventually the rat was able to comb its whiskers with the new leg. 

Somewhat in contradiction to this experiment was the biologic incompatibility' 
encountered by Higgins and Ingle, of the Mayo Foundation, in transplanting 
adrenal glands from one rat to another. This incompatibility was lessened when 
eight or ten adrenals of newborn rats were transplanted to the groin of bilaterally 
adrenaleetomized unrelated adult rats. In nine out of twenty-one cases, there was a 
functional take; also, it was shown that the culturing of transplants in the tissue 
fluids of the host did not increase the number of takes. 


Another interesting series of observations dealt with the initiation of respiration in 
fetal stages. William F. Windle, of Northwestern University, reported that respira- 
tory movements in chick embryos begin three days before hatching; that experimental 
increase in the amount of CO, initiates and then deepens respiration; that toward 
the end of incubation the rhythmic respiratory movements become correlated with 
pecking movements of the head ; and that, after severing the cord from the brain, all 
hut head movements are abolished; thereby suggesting that in the intact animals 
the gas acts upon the respiratory center of the medulla. Similarly, Snyder and Rosen- 
feld, of Johns Hopkins University, demonstrated that in rabbits respiratory movements 
begin as early as ten days before parturition. When India ink was injected into the 
amniotic cavity, the lungs soon became black, from which experiment the authors 
concluded that fetal respiratory movements provide a mechanism for preliminary dis- 
tention of the alveoli with fluid, in preparation for their subsequently more radical 
distention by air. Apropos to the alveoli, C. C. Macklin, of the University of 
V estern Ontario, presented additional evidence in support of the view that the 
air spaces of the lung are not bounded by epithelium but constitute a ‘ ‘ functional 
interstitial emphysema. ’ ’ 


A third set of observations dealt with the initiation of movements in the embryonic 
heart. Charles M. Goss, of Columbia University, watched such movements in 
minute ten-day rat embryos that had been transferred from the uterus to hanging 
drop cultures. He verified in the mammalian cmbiyo the findings of Patten for 
the chick, observing that contraction of the embryonic heart begins in the parts 
formed first — namely, in the ventricle, then in the atrium, and then in the sinus 
venosus, following which there is a reversal of beat which establishes the normal 
order of peristalsis. Hof, Kramer, and Patten, of the University of Michigan, 
recorded the electrical potentials of the embryonic heart and obtained a 
series of electrocardiograms ranging from the stage of first twitcliings in the 
lent ricle to the stage when the cardiogram resembled that of the adult. Both articles 
"ere illustrated by microcinematographs of the embryonic heart. Philip B. Arm- 
strong, of Cornell University, employed embryonic hearts prior and subsequent to 
their innervation to demonstrate that neurohumors, such as acetyl-choline, inhibit the 
mart by acting upon post ganglionic nerves rather than by acting dircctlv on muscle 
il'ors. In studying capillaries Zweifach and Chambers, of New York University, 
"ere able to show by the use of mechanically controlled microneedles that individual 
endothelial cells could be made to contract by localized prodding. 
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showed that in a large group of animals the follicle-stimulating and lutein- 
izing hormones of the anterior lobe control the development and functional activity 
of the testis as well as the ovary, the former hormones causing growth of the 
seminiferous tubules; the latter, growth of the interstitial tissue. As a corollary to 
this, Warren O. Nelson, of Wayne University, demonstrated that in rats administra- 
tion of extracts of the male hormone will, for at least sixty days, prevent the de- 
generative changes which occur in the seminiferous tubules after hvpophysoctomy. 

Other reports of unusual interest would include, among others, the following: 
C. M. Jackson, of the University of Minnesota, presented undisputable proof that 
severe and prolonged underfeeding during early life may prevent full completion of 
growth later and thus cause permanent dwarfing. Isaac Schour, of the University of 
Illinois, demonstrated that human teeth have growth rings analogous to those of 
trees, which reflect the physiologic readjustments incident to birth and other vicissi- 
tudes of ontogeny. Allen, Smith, and Gardner, of Yale University, employed 
colchicine to arrest dividing cells in the metaphase and thus, by revealing the num- 
ber of mitotic figures at a given moment, to demonstrate that injections of theelin 
cause marked increase in the cell divisions of the genital epithelium, uterine muscles, 
etc., and that injection of the follicle-stimulating hormone of the hypophysis causes 
rapid growth in the theca of follicles as well as in the granulosa. Gordon, Kleinberg, 
and Charipper, of New York University, showed that the spleen contains an anti- 
gonadotropic principle which prevents the ovaries of rats from responding beyond 
certain dosages to hormones of the anterior lobe of the hypophysis — an effect which 
is abolished by splenectomy. William Bloom, of the University of Chicago, showed 
that lymphocytes of the thoracic duct of rabbits previously sensitized to extracts of 
Asearis extract developed into pscudocosinophiles when cultured in Asoaris extract. 
Sarah Tower, of Johns Hopkins University, was able to keep puppies alive from 
two to six months after the lumbosacral cord had been transected above and 
below and all other incoming pathways severed, thereby demonstrating that 
functionally isolated nervous tissue is capable of surviving, that it retains its 
capacity for activity but is not autoclitlionously active. As a consequence of this, 
trophic regulation of the nonnervons tissues supplied by this segment of the cord 
is markedly impaired. 

The concluding session consisted of four longer discourses presented at the in- 
vitation of the president of the association. The first, by the author, discussed 
the contribution of the Babylonian Talmud to the anatomy of the lung and to the 
various kinds of marrows found in the body; the second, by Professor C. U. 
Aliens Kappers, of the University of Amsterdam, described the evolution of the 
vertebrate hypothalamus; the third, by Professor S. W. Ranson, of Northwestern 
University discussed the relation of diabetes, somnolence, and temperature regu- 
lation to lesions of the hypothalamus; the fourth, by Professor Bcnsley, of the 
University of Chicago, described the distribution of lipids in protoplasm and their 
relation to its constitution. 

The next annual meeting will commemorate the fiftieth anniversary of the 
founding of the association in Washington, D. l.Sfi.H. 



Book Reviews 


The Lung. By William Snow Miller. Cloth. Pp. 212, with 152 illustrations, 20 
in color. Springfield, 111., and Baltimore, Md., 1937, Charles C. Thomas, Publisher. 
$7.50. 


This interesting monograph on the morphology of the lung, by the professor 
emeritus of anatomy at the University of Wisconsin, represents a lifelong study 
of this subject by one who has been referred to as the ‘ ‘ dean of American pneumonol- 
ogists.” Beginning with 1S92, when he was Mall’s first laboratory assistant at 
Clark University, Dr. Miller has witnessed the emergence of American anatomy 
fiom a dissector’s art to one of the main productive fields of an age of science. He 
himself was one of the first in this country to organize effective laboratory courses 
in histology and embryology. 

Curiously enough, his first research problem was the one which was to become 
the nucleus of this book — the successful attempt to explain the ‘ ‘ spheroidal bodies 
of Roosevelt,” to which he subsequently gave the name “atria.” That the existence 
of these obscure subdivisions of the alveolar ducts has not been recognized by many 
histologists is no reflection upon the high degree of technical proficiency that has 
always characterized his work. 


1 lie first chapter, on the gross anatomy of the lungs, is perhaps the least interest- 
'ug, probably because it stands unrelated to the modern point of view — that which 
correlates anatomy with functions and disease. 

The second, descriptive of the trachea and bronchi, becomes authoritative by 
'utue of the author’s interesting reconstructions of carinal cartilages and the 
truchealis muscle. The chapter on intrapulmonary bronchi and bronchioli contains 
t m author ’s illuminating reconstructions of bronchial muscle. 

The fourth, a long chapter dealing with the finer patterns of the air spaces, 

< 'splays the author’s original models demonstrating the existence of atria. One looks 
m vain, however, for a critical discussion of one of the most significant con- 
troversies of the decade — the nature of the pulmonic alveolar epithelium — (see 
Macklin’s report in the Journal of Thoracic Surgery, October, 193G). Nor does 
t te long bibliography at the end of the book contain references to important contribu- 
tions by those who differ from the author in their interpretation of existing struc- 
tures. I refer to articles on this subject by Bloom (1930), Loosli (1935). nml 
Of mrs; and the omission of Macklin’s important paper on the musculature of the 
>ung in the Physiological Review (1929). 

The fifth chapter covers in excellent detail the ramifications of the pulmonarv 
> ood vessels. The sixth and seventh do the same for the lymphatics and lymphoid 
tissue of the lung. Much of these chapters is based on original observations. Chapter 
Uf \ lt lllsc,1!i «!s the nerve supply, an account drawn primarily from the work of the 
an air s student, Professor Larsell, of the University of Oregon. The ninth chapter 

< esen ies the pleura and is followed by a unique discussion of the architecture of 
Ihe lung in terms of key points. 

Hie last section is devoted to historic sketches of a rather amazing list of con- 
rimtois: Malpighi. Willis, Iteisscisen. Home. Ix-rebmiHct, Bazin. Bourgcrv 

Todd'onl’t 1 t l, ,S '” 1 ' Moleschott, Man, 11, Adrian!. Schultz, K.illiker, 

Sticda I Waters, Oerlach. Schulze, Turner, Rindfieiseh, Charcot, 

" h r "esse, Berdnl, Nicolas, I.oesclieke and Brans. These are objective ne- 
eding the author’s lifelong interest in the history of medicine. One would 
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wish, however, that he had prefaced those accounts with the ancient views of tlia 
lung as an organ for the absorption of fluids or that he had strung these anatomic 
its together with something of the sweep that characterizes Sir Michael Foster’s 
history of respiration. 

It is obvious, however, that Professor Miller’s book is a notable contribution to the 
subject, not merely for that conciseness of style which permits the assembly of much 
detailed information, but also because of the excellence of its original illustrations 
and that vein of authority which conics only from one who lias had long and intimate 
contact with a refractory subject. 


Post Graduate Surgery, Vol. II. By Rodney Maingot. Two volumes. Cloth. Pp. 
1,825, with 1,184 illustrations. New York, 1930, I). Appleton-Century Company, 
Inc. $15 each. 


This large tome of l,S2a pages embraces the discussions of eighteen authors 
upon miscellaneous subjects. Excellent sections on gynecology, urology, and 
orthopedies appear in if. The other sectional headings relate to flic head, spinal 
column, and salivary glands; the neck; the breast; the thorax; the sympathetic 
nervous system; the adrenal gland; the injection treatment of hernia, hemorrhoids, 
hydrocele, and varicocele and varicose veins; and a chapter on infections of the 
hand. This unorthodox scheme of arrangement of materials followed, it may reason- 
ably be inferred, was not premeditated by the editor. 

In the main, the treatment of nil the subject matter is very satisfactory. Par- 
ticularly deserving of commendation is the chapter on the sympathetic nervous 
system by A. Lawrence Abel. The chapter on the thorax is ably presented by 
Ro Sleigh Johnson (medical aspects) and T. Holmes Sellers (surgical aspects). 
Sidney Forsdike writes very interestingly on the subject of sterility in women, inci- 
dentally coining many apt phrases. 

American readers will find that the writer on pelvic inflammation has not stressed 
enough the great virtue of conservatism and heat. The Elliot treatment, so widely 
employed here, receives but indirect, bare mention as pelvic diathermy. Transurethral 
prostatic resection is described, but one gains the impression Hint the method has 
not become so widely adopted in England as here. Tim only operation described 
for incomplete testicular descent is transseptal implantation (Maiicluirc operation) 
in the opposite half of the scrotum. 

The section on the injection treatment of hernia contains some very interesting 


historic material. In defense of the method, which the author endorses, lie (juntos an 
admonition from William Penn who said, "neither despise, nor oppose, wlmi thou 
dost not understand" — a warning which we will stilt do well to heed. The chapter 
on orthopedies will be found useful and practical to practitioners. One is somewhat 
disturbed to find, however, no mention of the value of hyperthermia in the treatment 
of gonorrheal arthritis. It also seems a little unusual to us in a country where 
neurosurgery has become a well-recognized surgical specialty to see surgery of the 
peripheral nerves presented by an orthopedist. 

1 This volume contains a wide variety of material -all authoritatively and well 
seated. The chief defects in the volume relate to the arrangement of the subject 
and the lack of footnotes or references which should uniformly accompany a 
m '\ work of this character. Lucid illustrations and a carefully prepared index 

T Gv elaaee the value of the book. Bookmakers would do «e.l to impiim how 
’ lor what circumstances the greater number of physician- do thnr readme. 
^ Ttv Sme is obviously not meant for a Icdside library or ih« ra.-y chair. 
The* eminently practical treatment of the subject matter should make ,t a u-oMI 


addition 


1"-“".' * ... 
to the practitioner s library. 
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Original Communications 

Symposium on Intestinal Obstruction 

THE TREATMENT OF INTUSSUSCEPTION 

P. L. Hipsley, M.D., Ch.M., F.R.A.C.S., Sydney, Australia 
(From the Foyal Alexandra Hospital for Children) 

r T 1 HE purpose of this paper is to bring forward evidence in favor 
of the treatment of intussusception by a preliminary injection per 
rectum, before resorting to operation ; since by so doing, one will find 
that about 60 per cent of all cases will be completely reduced, and 
hv carefully observing certain signs, one can be quite certain of the 
completeness of the reduction in 40 per cent of all cases coming under 
treatment. Of the cases which will require open operation, either be- 
cause of the uncertainty of complete reduction or because of the cer- 
tainty of nonreduction, at least 18 per cent will be found reduced at 
operation. Moreover, one will find that in many of the cases operated 
upon, because of the doubtful result of the injection, a large number 
"'ill be found at operation to be almost completely reduced, so much 
so that it is quite obvious a more prolonged attempt at reduction by 
injection would have proved successful. 

1 he only rational method of reducing an intussusception would ap- 
pear to he b.v applying pressure on the apex of the intussusception 
irom within the bowel; even when operating on these cases, it is this 
method which is actually employed, although it is done manually 
through the bowel wall, instead of by water pressure from within the 
bowel. The only reasonable objection to the employment of. the latter 
method is the difficulty in the diagnosis of complete reduction. The 
danger of rupturing the bowel can be disregarded, if precautions are 
taken to use a definite pressure, well below that likely to cause damage 
to the bowel wall ; I have found that the pressure of a column of water, 

m-o Kid for inililliation. j.',|,ru;iry 1S . 1337. 
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three feet six inches in height, which is equal to a column of mercury 
of sixty-five millimeters, is quite safe. Many years ago I had one case 
where the intussusception had been present for three days, and where 
a ring of ulceration was present in the ileum at the apex of the intus- 
susception and a pinhole perforation occurred after using hydrostatic 
pressure. In this case, although a column of water of the height 
recommended had been used, the water was held in the bowel, while 
the abdomen was being palpated to determine the extent of tlie reduc- 
tion ; so actually a very much greater pressure than that recommended 
was used. Hence I regard palpation of the abdomen during the actual 
attempt at reduction In' hydrostatic pressure as a dangerous procedure. 

Prom a perusal of the literature on the subject of intussusception, 
it is obvious that most surgeons unhesitatingly condemn any other 
method of reduction except open operation; and the statements made 
show that in most eases, the writers have neither made themselves 
familiar with the very simple technic nor have they realized that there 
are certain signs by which one can be quite certain that reduction has 
been effected. The argument most frequently used in favor of open 
operation in every ease is that by so doing one can be certain that 
reduction has been effected and another is that in these days, surgery 
has readied sueli a state of perfection that, an open operation is quite 
safe and free from risk. 


Now any open abdominal operation on a young infant is attended 
by a certain mortality, even though it may be a low one; and it is 
quite obvious that any operation involving extensive handling of the 
bowel, especially in a young infant already greatly shocked by the 
teleseoping of the bowel and poisoned by the resultant toxemia, will 
be attended by a very considerable mortality; moreover, an open 


operation is generally followed by intraabdominal adhesions. It has 
been my experience when operating for a recurrent intussusception 
that adhesions are almost invariably present as a result of the first 


operation. The closure of a midline incision in a very young infant 
without the risk of some adhesions to the peritoneal scar is a very 
difficult matter. Adhesions following an abdominal operation in an 
infant, particularly if the small bowel has become adherent to the ab- 
dominal wall, are far more serious than similar adhesions in an adult, 
because of the probable unequal growth of the segments of the bowel 
on the proximal and distal sides of the adherent loop, thereby merens- 
injr the chances of kinking and obstruction. I have seen several eases 
of acute intestinal obstruction in children of from six to ten years of 
to 1-inkiii" of the bowel as a result of adhesions following an 
operation for intussusception in infancy. A brief history of such a 
ease is as follows : 
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became more acute after the operation, signs of intestinal obstruction developed, 
and the child died. At postmortem the obstruction was found to be due to the 
adherence of a loop of small bowel to an old sear in the midline, through which 
an operation had been done in infancy for the reduction of an intussusception. 

I can recall another ease of a child developing intestinal obstruction 
when six years of age, and where an operation for intussusception had 
been performed by the late Sir Charles Clubbe when the child was six 
months old. In this case, through-and-through silkwonn-gut sutures 
had been used to unite the abdominal wound in a single layer as was 
the custom at one time, and since such suturing leaves a ladder of 
silkworm gut on the peritoneal surface of the incision, adhesions fre- 
quently of a dangerous nature must necessarily result. 

Apart from these remote risks there is al ways the danger of obstruc- 
tion or peritonitis being an immediate result of an open operation. 
One of the deaths in my own series was due to general peritonitis fol- 
lowing an open operation; in this case, the intussusception had been 
reduced by a preliminary injection. Another case illustrating the 
danger of open oper-ation was one in which I had successfully reduced 
an intussusception of over eighteen hours’ duration in a young infant. 
The intussusception recurred six months later, and although early 
identification of the nature of the trouble was made by the mother who 
leeognized the symptoms as being similar to those present in the first 
instance, the child being brought under treatment within three hours 
°f the onset and operated upon immediately by a surgeon who had 
successfully operated on numerous cases of this kind, the child died 
°f general peritonitis seven days later. 

These are not isolated eases and are mentioned merely to emphasize 
the fact that operations on young infants are not free from some risk; 
even though they may recover from the operation, there is still a risk 
of trouble developing later on, owing to the presence of adhesions 
within the abdominal cavity. 

Of coui'se, it is not possible to avoid operation in every case, but 
■"here such interference can be avoided, both the immediate and late 
mortality rates, and the morbidity rate will be lowered. 

As to the question of the reliability of the method of reduction by 
U drostatic pressure, I might mention that after using this method as 
<i loutnic for over twenty years, in no single instance has a mistake 
wen made in sending a patient back to bed from the operating theater 
incompletely reduced, where a diagnosis of complete reduction has 
been made. 


TECHNIC OP METHOD OP HYDROSTATIC PRESSURE 
Normal saline solution is used for the injection. The quantity varies 
’ "] n " e of , the hut it is the pressure used, not the quantity 

° Mi " 1<m ' ' vhu:!l ifi l,ie important factor. The pressure of a column 
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three feet sis inches in height, which is equal to a column of mercury 
of sixty-five millimeters, is quite safe. Many years ago I had one case 
where the intussusception had been present for three days, and where 
a ring of ulceration was present in the ileum at the apes of the intus- 
susception and a pinhole perforation occurred after using hydrostatic 
pressure. In this case, although a column of water of the height 
recommended had been used, the water was held in the bowel, while 
the abdomen was being palpated to determine the extent of the reduc- 
tion ; so actually a very much greater pressure than that recommended 
was used. Hence I regal'd palpation of the abdomen during the actual 
attempt at reduction by hydrostatic pressure as a dangerous procedure. 

Prom a perusal of the literature on the subject of intussusception, 
it is obvious that most surgeons unhesitatingly condemn any other 
method of reduction except open operation ; and the statements made 
show that in most eases, the writers have neither made themselves 
familiar with the very simple technic nor have they realized that there 
are certain signs by which one can be quite certain that reduction has 
been effected. The argument most frequently used in favor of open 
operation in every case is that by so doing one can be certain that 
reduction has been effected ; and another is that in these days, surgery 
has reached such a state of perfection that an open operation is quite 
safe and free from risk. 

Now any open- abdominal operation on a young infant is attended 
by a certain mortality, even though it may be a low one; and it is 
quite obvious that any operation involving extensive handling of the 
bowel, especially in a young infant already greatly shocked by the 
telescoping of the bowel and poisoned by the resultant toxemia, will 
be attended by a very considerable mortality; moreover, an open 


operation is generally followed by intraabdominal adhesions. It has 
been my experience when operating for a recurrent intussusception 
that adhesions are almost invariably present as a result of the first 


operation. The closure of a midline incision in a very young infant 
without the risk of some adhesions to the peritoneal scar is a very 
difficult matter. Adhesions following an abdominal operation in an 
infant, particularly if the small bowel lias become adherent to the ab- 
dominal wall, are far more serious than similar adhesions in an adult, 
because of the probable unequal growth of the segments of the bowel 
on the proximal and distal sides of the adherent loop, thereby increas- 
ing the chances of kin king and obstruction. I have seen several cases 
nf acute intestinal obstruction in children of from six to ton years of 
„ ,„ p t0 jdnkiim of the bowel ns a result of adhesions following an 
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solution; ou such occasions an x-ray film has been taken to demon- 
strate the presence of the opaque fluid in the small bon el (Pi c - 2). 

SIGNS OF COMPLETE REDUCTION 

1. Abdominal distention .—' There are several signs indicating prob- 
able reduction, but the only trustworthy sign indicating complete 
reduction is abdominal distention after the injection which lemams 



after the saline solution has been allowed to escape from the large 
bowel. The distention is quite obvious ou inspection and feels firm 
on palpation. One is obviously palpating an abdomen where a large 
portion of the small bowel is distended by fluid. 

In most eases of intussusception of under twenty-four hours’ dura- 
tion. tbe abdomen is soft and flaccid when first seen, although in long- 
standing eases the abdominal distention of intestinal obstruction is 
present : in such eases, an operation should always follow the injection 
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•of saline solution three feet six inches high is used. I believe the bowel 
is liable to rupture from a pressure of five feet, so that there is a good 
margin of safety. A general anesthetic is administered, and the treat- 
ment is carried out in a room adjoining the operating theater and is 
not done on the operating table. Both patient and surgeon are pre- 
pared as for an open operation,- so that beyond changing gloves, no 
time is lost if an operation proves to be necessary. An ordinary douche 
may be used, but a glass container where the level of the water can 
be seen is better. The vessel is suspended so that the height of the 
column . of saline solution is three feet six inches above the table on 
which the child is lying. A No. 15 soft rubber catheter is inserted a 
few inches info the rectum, and the buttocks are pinched together 



l?jir i, Illustrates the method of retninins catheter in rectum during injection under 

pressure. 


around it so as to prevent any saline solution from escaping (Fig. 1). 
Mo lubricant is used, as otherwise it is difficult to hold the catheter in 
the bowel. As the saline solution slowly runs in. one can follow (he 
outline of the distended colon. After about three minutes the eatheter 
is disconnected and the saline solution allowed to eseape into a bed 
pan. The return of this first injection generally clears out most of 
the blood and mucus and possibly some feces from below the obstnn- 
tion The process is repeated twice, giving about three minutes on 
each occasion. Occasionally I have used a single injection, bolding it 
- , fl , c wd for from eight to ten minutes. After the io.t-ctioo. as 
l nf The saline solution as will come away is allowed to cs.-ape. s» 
the bowel is left prnetieally empty after the treatment On 

several occmiM* I «*• * ’ 
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5. X-Ray Film After Opaque Injection. — 'When thin barium solution 
has been used instead of saline solution, the presence of some of this 
in the small bowel, as seen by x-ray examination, would indicate com- 
plete reduction. 

6. Use of Charcoal to Verify Reduction. — On a number of occasions 
I have left about one teaspoonful of powdered charcoal in the stomach 
by suspending it in about one-lialf ounce of water and passing a stom- 
ach tube. In cases of complete reduction, some of the charcoal, which 
is very easy to identify, can be recovered within five hours by washing 
out the large bowel. Although I do not regard this sign as one to be 
used to decide the question of open operation, still where the intus- 
susception is of only a few hours' duration and where reduction by 
injection has been attempted, one can obtain by this means absolute 
confirmatory evidence of complete reduction, even in the absence of 
abdominal distention and even in eases where there is other positive 
evidence of complete reduction; the giving of charcoal in this way 
gives an added feeling of security, because if one could not recover 



62% 



' .. . -> 


44 ^ 

3B% 
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18 # 

eenfiiF’ h — rllcsults of treatment by the author, of 100 consecutive cases of intussus- 
cent v i hydrostatic pressure. 62 per cent reduced by hydrostatic pressure; 44 per 
macte t no * ; re< Wire operation ; 18 per cent reduced by injection, but small incision 
A 0 verify reduction; 38 per cent required operation because intussusception not 
completely reduced. 

some of the charcoal within six hours by washing out the bowel, it 
would be wise to consider the possibility of incomplete reduction. 

'• Opaque Enema- as a Means of Diagnosing Reduction. — An opaque 
enema can be used, and by fluoroscopy, the actual reduction of the 
intussusception can be followed ; but as the long and mobile sigmoid 
and transverse colon are distended with the opaque fluid, it is difficult 
to see the cecum until most of the enema has been allowed to escape. 
Ibis method, therefore, is not a practical one and, in my opinion, has 
no advantages over the simple saline injection; moreover, more time 
is wasted if one has to proceed to operation. 

In a series of 100 cases the duration of the different groups was as 
follows : 

(1) Reduced by hydrostatic pressure alone. 

Average duration 1G hours. There were ten over 24 hours; three over 48 
* hoars ; and one over three days. 

(-) Reduced by hydrostatic pressure followed by operation. 

A\orngc duration 17 hours. There were two over three days. 

(•>) Cases operated upon because of failure of injection. 

Average duration 20 hours. 
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which can be used, however, as a preliminary measure. In early cases, 
therefore, the intussusception can always be felt by abdominal palpa- 
tion. After complete reduction following injection, provided the saline 
solution lias passed into the small bowel, it would be impossible to 
palpate a tumor, even if one was present in the abdominal cavity, and 
so under such circumstances one can be quite certain that the intus- 
susception has been reduced. When, however, it is possible to palpate 
a mass in the abdomen (usually in the ileocecal region), sncli a mass 
may be due either to thickened and edematous bowel following reduc- 
tion or to an unreduced intussusception, and an operation will be neces- 
sary to determine which condition is present. Such an operation can 
usually be done through a muscle-splitting incision, similar to that 



Fie 3, — Illustrates the flneetdity of abdominal wall, arter injection under pressure, 
•where none of the Injection had pone through the Ileocecal valve. Such a case maj- 
or mav not bo reduced, but in either event, a mass remains palpable. 


commonly used for the removal of an appendix. (See Pig. 3 where « 
mass could still be palpated after injection.) 

2. Alteration in Circumference of Abdomen . — Measurement of the 
circumference of the abdomen at the level of the umbilicus before and 
after treatment will usually show an increase of about two inches 
where the intussusception has been reduced. 

3 Yellow Fecal Material in the Returned Saline Solution.— AH feral 
material below t lie obstruction is usually blood-stained. If the second 
or third return contains yellow particles of feces, these have usually 
come from the small bowel above the obstruction. 

4 Flatus in the Return .— Provided one is careful not to allow any 
air 'to pass into the bowel with the enema, the presence «-f «ntm after 
the first injection is evidence it. favor of complete reduction. 
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inches long could be felt about the umbilical region. Three injections were given: 
the first returned almost clear; the second contained a good deal of blood. After 
the third, a mass about two inches long was still palpable. A right musele-splitting 
incision was made, and a small unreduced intussusception was present in the ileum. 
This was reduced with difficult}', and was found to commence about eleven inches 
from the ileocecal valve. The child made an uninterrupted recover}-. 



a -fl 6 " 0 — Abdomen distended alter injection, but since palpation still revealed a mass 
10 small unreduced portion of intussusception, it was obvious that the distention 
as not due to injection having passed into small bowel. 



tig. G. — Same patient as shown in Fig. 3. The last portion of an ileocolic intussuscep- 
tion being reduced by gentle traction on Ileum. 


Comment . — This child was under the eare of a pediatrician who had 
treated many cases of intussnseeption. lie saw the ease twelve hours 
fitter the commencement of the trouble but was misled because of the 
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Summary of Results of Treatment by the Author in 342 Consecutive Cases 
of Intussusception; 92 Males and 50 Females 

1. Sixty cases cured by hydrostatic pressure alone, no operation done: 

No. of cases 


Ages 1 to 3 months 
3 to 6 months 
6 to 9 months 
9 to 12 months 
12 to 18 months 
Over 2 years 


1 

1G 

23 

12 

5 


GO All recovered. 


verify 


2. Thirty cases treated by hydrostatic pressure, followed by operation to 
reduction : 

No. of cases 

Ages 1 to 3 months 1 

3 to G months 10 

G to 9 months 9 

9 to 32 months G 

12 to IS months 2 

Over two years 2 

30 Recovered, 29 
Died, 1 

3. Operation performed because of inability to accomplish reduction by hydro- 
static pressure: 

No. of cases 


3 to G months 

30 

G to 9 months 

35 

9 to 32 months 

17 

32 to 3$ months 

•I 

Over two years 

G 


52 Rerovered, 40 
Died, 0 

Total deaths in 142 cases, 7. Mortality, 4.97r. 

Since space will not permit of a description of .,11 the eases treated, 
’erfain of them have been selected either as being typical or as demon- 
^rating certain features tvhiel. are of importance in cnrrymg out tin. 

treatment outlined. 

„ T> 31 female aged nine months. Duration of symptoms forty one 

CASE l.-v. n, 1;l Iin , Iialll , i„ I,f< Side Of abdomen. 

hours. A very hen 0 ^ ^ , maU iim „ still be felt in the right dine 

Three injections wc s' ^ ^ jn riRhl ,|iae region, and the 

region. A tr;1 , averse colon were congested, evidently having been "> 

cecum ascending portion of th<- intussusception remained, me 

* - - 

T1„ aim „» m 

r . sr o— V. B-, nmlc, aged 1 , p ;v ,-,„| a very little blood 

otid pallor for three and anr-h. • " , . n („,!it eig!,t 

of screaming and p. vomiting at in.en.d 

stained mucus but no force. 
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any reason operation lias to be postponed foi say fh e 01 six hours, 
administration of bismuth or charcoal before attempted reduction. 3 
hydrostatic pressure might be of value in diagnosing complete re uct 


BRIEF HISTORY" OP THE SEVEN CASES THAT DIED 

Case 1 .-Female, aged ten months. Duration of intussusception, five hours. 
Three injections were given from a height of three feet six inches, o owe y 
operation through lateral gridiron incision. The intussusception vas very ® as 3 
reduced. On the sixth day an abscess developed in the right iliac fossa, a 
wound broke down. The pus was evacuated and a tube was introduce , ut 
child died of general peritonitis thirteen days after operation. 

Comment . — This child died as a direct result of infection following 
operation. The ease with which the intussusception yielded at opera- 
tion suggested that a more prolonged attempt at reduction hy hydio 
static pressure would have been successful in reducing the intussuseep 
tion, thus avoiding the fatal operation. 

Case 2.— Male child, aged three months. Duration of intussusception, three days. 
Very collapsed on admission, to hospital. One injection was given and was 
by immediate operation. Intussusception was quite irreducible, and about ei^, e 
inches of bowel were resected, followed by lateral anastomosis. Chil 
hours later. 


Case 3.— Female, aged fifteen months. Patient had been under treatment for 
five days as a case of gastroenteritis, although from the historj it was o nous 
that it was an intussusception from the start. On the fifth daj, aiou ne mcies 
of the bowel prolapsed through the anus, and the real nature o t le rou e w a 
diagnosed. The prolapsed portion of the intussusception was returned throng i 
anus, and three injections were given. These considerably reduced t le size o 
mass palpable in tbe abdomen. Operation followed through a mid me incision. . 
whole of the large bowel was greatly thickened and edematous, and tlie remaining 
portion of the intussusception was easily reduced. The whole o tie urge 10 
was extremely mobile, the case being one of nonfixation of the co on. was 
mobility of the colon which had prevented dangerous strangulation of the iowe 
and enabled reduction to he effected with such ease. The child lei rom s oc 
six hours after operation. 


Comment.— If this child had been given plenty of saline solution be- 
fore operation, or if operation had been preceded by a transfusion of 
blood and if a more prolonged attempt at reduction by hydrostatic 
pressure had been made before resorting to operation, I believe the 
intussusception would have yielded without operation, and the child s 
life would have been saved. 

i 

CASK 4.—: Female, aged ten months. Duration of intussusception, three days. 
One injection given, followed bv immediate operation. Intussusception found to be 
quite irreducible. About twelve inches of bowel were resected, and Paul’s tubes 
wore inserted into the open ends. Death followed eight hours later. Examination 
of resected portion showed that the intussusception had commenced in the ileum 
about eight inches from the ileocecal sphincter. 



S34 


SURGERY 


almost complete absence of blood from the rectum. It was only after 
a portion of the Intussusception had been reduced by the first injection 
that any quantity of blood appeared. 


Case 3— K. I)., male, aged five months. Had been in hospital for seven days 
under treatment as a case of gastroenteritis, although nothing but blood and 
mucus had been passed during this period. On the seventh day a tumor could he 
felt both through the abdominal wall and per rectum; the case was diagnosed as 
intussusception. The infant was extreme! y emaciated and was obviously too ill 
for any operative interference. Three other surgeons who saw this case agreed that 
operation was out of the question. The mass disappeared after a third injection, 
and there was no further sign of gastroenteritis, indicating that the case was one 
of intussusception from the first. The child made an uninterrupted recovery. 

Case 4. — E. B., female, aged six months. Duration of intussusception, four 
hours. Mass which was palpable before treatment, disappeared after injection and 
abdomen remained distended. One teaspoonful of charcoal was left in the stomach, 
and some of this was recovered by reetal lavage five hours later. 


Case 5. — V. K., female, aged seven months. Duration of intussusception, ten 
hours. Abdomen distended after third injection. One teaspoonfui of charcoal left 
in stomach after treatment. Some of this recoveied by reetal lavage six hours later. 


Case G. — It. M., male, aged five years. Sudden onset with abdominal pain and 
signs of shock five hours before admission to hospital. Was sent to hospital as 
case of appendicitis. A freely movable mass could be felt in the right iliac re- 
gion, and some blood was present in the rectum. The mass disappeared after injec- 
tions of saline solution, but abdomen remained flaccid. Abdomen was opened 
through a Tight-sided muscle-splitting incision. The cecum and last few inches of 
ileum were greatly thickened, but the intussusception bad been reduced. 


Case 7. — C. D., male, aged four months. Duration of intussusception, twenty- 
four hours. Was first admitted to medical ward, ns no blood was seen after cnoum. 
Later a mass was palpable in region of hepatic flexure of the colon. This disap- 
peared after injection, hut as abdomen did not remain distended, an operation 
was done. The intussusception had been reduced by the injection; the cecum and 
ascending colon showed evidence of haring been involved in nn intussusception. 


jx male, aged nine months. Duration of symptoms, twelve hours. 
Mass palpable in ileocecal region. Three injections given, but abdomen did not 
remain distended, lienee operation was done. A very small portion of the in 
tussusception was found unreduced and was reduced with such ease at operation 
that it was quite obvious that if one lmd persisted a little longer with the injection, 
it would certainly have yielded to hydrostatic pressure. 


, j; j nn t Cj apod eight months. Duration of symptoms seventy-two 

.JT Intussusception palpable per rectum. The patient had been treated ns a 
. „astroontcritis and had been given a considerable amount ot a h.-mnth 
! .Von After the second injection bismuth stained fores came .-may although 
iSinJ but blood and mucus were seen after the first injection. 


„ „,i operation was not done <.» this case, because fie- op- 

Gomm : ijjitnllt after the injection was an indication i»f 

pearance o ..vents in this case suggest', that if f«r 


P , ti , The course of events in 

plete reduction, mi 
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any reason operation lias to be postponed for say five or sis hours, the 
administration of bismuth or charcoal before attempted reduction by 
hydrostatic pressure might be of value in diagnosing complete reduction. 

BRIEF HISTORY OP THE SEVEN CASES THAT DIED 

Case 1. — -Female, aged ten months. Duration of intussusception, five hours. 
Three injections were given from a height of three feet six inches, followed by 
operation through lateral gridiron incision. The intussusception was very easily 
reduced. On the sixth day an abscess developed in the right iliac fossa, and the 
'round broke down. The -pus was evacuated and a tube was introduced, but the 
child died of general peritonitis thirteen day's after operation. 

Comment . — This child died as a direct result of infection following 
operation. The ease with which the intussusception yielded at opera- 
tion suggested that a more prolonged attempt at reduction by hydro- 
static pressure would have been successful in reducing the intussuscep- 
tion, thus avoiding the fatal operation. 

Case 2. — Male child, aged three months. Duration of intussusception, three days, 
t try collapsed on admission to hospital. One injection was given and was followed 
by immediate operation. Intussusception was quite irreducible, and about eighteen 
inches of bowel were resected, followed by lateral anastomosis. Child died four 
hours later. 

Case 3. — Female, aged fifteen months. Patient had been under treatment for 
five days as a case of gastroenteritis, although from the history' it was obvious 
that it was an intussusception from the start. On the fifth day, about five inches 
of the bowel prolapsed through the anus, and the real nature of the trouble w as 
diagnosed. The prolapsed portion of the intussusception was returned through the 
anus, and three injections were given. These considerably reduced the size of the 
mass palpable in the abdomen. Operation followed through a midline incision. The 
"hole of the large bowel was greatly thickened and edematous, and the remaining 
portion of the intussusception was easily reduced. The whole of the large bowel 
"as extremely’ mobile, the case being one of nonfixation of the colon. It was the 
mobility of the colon which had prevented dangerous strangulation of the bowel 
and enabled reduction to be effected with such ease. The child died from shock 
s >x hours after operation. 

Comment . — If this child had been given plenty of saline solution be- 
fore operation, or if operation had been preceded by r a transfusion of 
blood and if a more prolonged attempt at reduction by hydrostatic 
Piessure had been made before resorting to operation, I beliexe the 
mtussusception would have yielded without operation, and the child’s 
life would have been saved. 

• 

Case d.— Female, aged ten months. Duration of intussusception, three days. 
One injection given, followed by immediate operation. Intussusception found to be 
T'lhe irreducible. About twelve inches of bowel were resected, and Paul’s tubes 
"ere inserted into the open ends. Death followed eight hours later. Examination 
of resected portion showed that the intussusception had commenced in the ileum 
"bout eight inches from the ileocecal sphincter. 



83G 


SURGERY 


Cask 5.— Female, aged eight months. Duration of intussusception, four days. 
Child had been treated as a case of gastroenteritis for four days, although the his- 
tory showed that this diagnosis was incorrect. The child was admitted to hospital 
in an extremely collapsed condition. Three injections were given, and the mass 
which was palpable before this treatment almost disappeared. Operation followed 
and the small remaining portion of the intussusception was easily reduced. It was 
of live ileocecal variety. The child seemed to -be doing well but collapsed suddenly 
and died twenty-four hours after operation. 

Case 0 . — Male child, aged nine months. Duration of intussusception, fifty hours. 
On admission to hospital, he was in an extremely collapsed condition witii rapid 
pulse and sunken eyes. One injection was given and operation followed immediately. 
The intussusception was irreducible and resection was doae. Death occurred three 
hours later. An examination of the resected segment showed that the intussuscep- 
tion had commenced in the ileum nine inches from the ileocecal sphincter. 

Case 7. — Female, aged ten months. Duration of intussusception, three days. 
Large mass palpable per rectum, and through ahdoaiinal wall. Injection given 
from height of three feet six inches. Abdomen became distended after injection, 
but operation was done on account of long history. On opening the abdomen, it 
was discovered that the intussusception had been completely reduced, and there 
were indications that it had commenced about three inches from the ileocecal valve. 
There was a small pinhole perforation in the ileum about three inches from the 
ileocecal valve, and some of the saline had escaped into the peritoneal cavity. The 
child died about twelve hours after operation. 

Comment . — At postmortem it was found that the perfox-ation was 
situated on the course of a ring ulcer of the ileum. The ulcer was 
evidently at the level of what had been the apex of the intussusception. 
In this ease, my assistant had held the catheter in the bowel while I 
palpated the abdomen before the saline solution had drained away 
from the large bowel. Hence, a much greater pressure had been used 
than that recommended, and in addition, the bowel had been weakened 
by the ulceration due to the long duration of the intussusception. This 
case occurred as far back as the year 1923 and is the only one of the 
kind which I have encountered. 


A BRIEF REVIEW OF THE SEVEN CASES THAT DIED 

Of these seven cases that died, the duration of the intussusception 
in five of them was three days and over; in one, it was over two days; 
and in the remaining case, it was only five hours. This case was the 
only one in the whole series of 142 cases in which death occurred, 
where the duration of the intussusception was under thirty-six hours. 

In three of the eases, resection was done and all died. Case 1 died 
of oeneral peritonitis following infection as a direct result of the op. 
° ? ion T wo children died from shock following operation. One child 

dteTns a result of perforation of the bowel. 

\ i nf these cases shows, as is well known, that the most mi- 

porta, tVaetor >» red™ta S 
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treatment. Where, however, an intussusception has been present for 
three or four clays, it is far more important to apply measures to 
counteract the shock and to restore the loss of fluid and chlorides to 
the blood and tissues than to do an immediate operation. 

Where reduction of the intussusception cannot be effected at opera- 
tion, resection in an infant is attended by a very high mortality, but 
may be successful if saline injections or transfusion of blood are given 
beforehand. 

Instead of resecting the unreduced portion of bowel, successful re- 
sults have been reported by doing a lateral anastomosis and then 
leaving the unreduced portion of the intussusception in situ. Possibly 
such a procedure might have been successful in one or other of the 
above cases. 

SUMMARY 

The treatment of intussusception by a preliminary injection of saline 
per rectum is advocated, and evidence is adduced in favor of this pro- 
cedure. Certain signs indicating complete and probable reduction are 
given. Then follows a brief summary of the results of such treatment 
°f a consecutive series of 142 of the author’s cases and a short history 
°f a few selected eases. 



THE THERAPEUTIC MANAGEMENT OF INTESTINAL 
OBSTRUCTION 


Thomas G. Orr, M.D., Kansas City, Ivan. 

( From the University of Kansas School of Medicine) 


I ’HERE is no substitute for early operation when the intestine is 
mechanically obstructed. All other treatment is adjunct treatment 
to aid in the conservation of life until the obstruction and its effect 
upon the patient can be relieved. 

Any consideration of the therapy of intestinal obstruction would be 
incomplete without emphasizing the fact that there are two definite 
types of obstruction, simple mechanical occlusion of the bowel and 
occlusion with disturbed blood supply or strangulation. The latter 
includes obstructions incident to mesenteric thrombosis and intussus- 
ception. Disturbed blood supply adds to the immediate danger of 
obstruction, demanding greater vigilance and more prompt treatment. 
In planning treatment for obstruction of the intestine, it is important 
to remember that the nearer the obstruction is to the pylorus, the more 
rapidly symptoms will develop and the more promptly death will 
ensue if the obstruction is not relieved. Obstructions in the colon are 
much less serious than those in the small intestine and present a very 
different problem in treatment. 

The following factors in the treatment of obstructive lesions of the 
intestine are worthy of separate considerations: (1) Relief of the me- 
chanical obstruction by operation, (2) maintenance of water balance, 
chemical balance, and nutrition, (3) prevention and relief of distention 
of the bowel, (4) application of beat to the abdomen, (5) oxygen 


therapy, (6) bed posture, (7) transfusions. 

1. Relief of the Mechanical Obstruction by Operation . — The time and 
method of operative procedure must depend upon the type of obstruc- 
tion and the condition of the patient. If the obstruction is of short 
duration and the patient has not been seriously depleted, operation 
may be done at once. Other patients suffering from dehydration, 
hypocliloremia, abdominal distention, and rapid pulse should always 
receive preliminary treatment with water, sodium chloride, and gastric 
suction before operation. While this preliminary treatment is neces- 
<nrv to lessen the operative risk, it is equally true that such treatment 
not be prolonged beyond a few hours before surgical relief is 
At ibis point it is appropriate to ,vor„ against 
operation in those patients trho sh.tr tnarkod poncr.1 intprovontcnl as 
a result of supportive treatment. 

~!^vea for Publication, March 29. lMT. 
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Simple occlusion of the intestine can usually be relieved by directly 
removing or releasing the cause of the obstruction. However, certain 
conditions may be found or complications may arise during the prog- 
ress of the operation which make it necessary to resect or repair 
portions of the bowel, thereby adding to the operative hazard. Strip- 
ping of the bowel to remove its contents is of doubtful value as shown 
both clinically and experimentally by Oclisner and Storck . 1 When 
emptying the bowel is desirable to reduce distention, stripping adds 
to the danger of infection and shock; and when the bowel is not over- 
distended and peristalsis is still active, stripping is not necessary. 

When strangulation of the gut is suspected, early operation is im- 
perative to avoid the toxic effect of necrosis and the danger of peri- 
tonitis as a result of rupture. Release of the constriction interfering 
with the circulation may be sufficient providing the surgeon is positive 
that the blood supply returns to the gut, insuring its viability. If 
irreparable necrosis has resulted, the extent of operation must depend 
upon the patient's general condition. Frequently it is much safer to 
exteriorize the necrotic segment and remove it after closing the ab- 
dominal wall, leaving the open ends of the gut protruding to be closed 
at a later date by anastomosis or by the Mickulicz technic. Operative 
procedures upon acutely distended gut are always dangerous. In a 
patient acutely ill with obstruction, resection and anastomosis not 
only consume valuable time, but the danger of peritonitis is great. 
Leakage from the distended gut of intestinal obstruction usually means 
disaster. 

Enterostomy as a treatment for mechanical intestinal obstruction 
is always an operation of necessity and not of choice. There are indi- 
cations for its uses both as a primary and as a supplemental - } 7 proce- 
dure. In those patients who are too ill for exploration and release of 
an obstruction, enterostomy may be life-saving. After relief of an 
obstruction, enterostomy is often advisable to drain a markedly dis- 
tended bowel or to protect a damaged gut wall or suture line. It is 
not free from danger. Peritonitis and abdominal wall infection may 
result from leakage of intestinal contents when a tube and sutures are 
placed in an overdistended gut wall. The danger of enterostomy may 
be reduced to a minimum by isolating a segment of bowel with intesti- 
nal clamps and by aspirating all gas and liquid content before placing 
sutures and introducing the tube. Thoughtful care must be used in 
selecting the proper patients for enterostomy. An error leading to a 
fatality may he made if enterostomy alone is done for an obstruction 
due to a strangulated section of the bowel. When an abdomen is 
opened and bloody fluid is found, the surgeon should definitely assure 
himself that no strangulation of the gut is present before enterostomy 
is done. Enterostomy will not successfully drain the bowel if it is 
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paralyzed. Peristalsis must, be present to force the liquid and gas 
content of the gut through the enterostomy tube. High jejunostomy 
is of very doubtful value in the treatment of any type of obstruction. 
The logical place for intestinal drainage by enterostomy is just proximal 
to the point of obstruction. It is the author’s opinion that the suction 
method emphasized by Wangensteen 2 is far more efficient in emptying 
the stomach and upper intestine than high jejunostomy. 

When an enterostomy is done, the technic of Witzel or one of its 
modifications, 2 using a size 16 or 18 French rubber catheter, is the 
safest operation. After the catheter is fixed in the gut, it should be 
passed through the omentum and when possible the omentum fixed 
to the suture line for added protection against infection and adhesions. 


2. Restoration and Maintenance of Water Balance, Chemical Balance , 
and Nutrition. — In any obstruction of the small intestine, dehydration 
soon becomes a factor of prime importance due to lack of liquid intake 
and vomiting. To restore and maintain a sufficient supply of water 
for the proper functioning of the chemical processes of the body is one 
of the most essential phases of the treatment of bowel obstruction. 
As emphasized above, the parenteral administration of water and 
sodium chloride should precede operation in all cases showing the 
effects- of dehydration and shoidd be continued after operation until 
the patient is able to drink and retain a sufficient quantity of water 
to supply the body needs. 

The initial quantity of water needed varies much, depending upon 
the anatomic location and duration of the obstruction. The general 
appearance of the patient is a helpful guide. The daily intake for the 
normal individual under usual conditions varies from two to three 


liters. No accurate estimate can be made of the actual need of all 
cases except as they are studied individually. It must be recognized 
that the lack of normal intake does not represent the total loss of 


liquid to the body. The secretions into the stomach and upper intes- 
tine are also lost by vomiting or through the suction tube. This loss 
may at first amount to several liters per day (Fig. 1). 

. By clinical experiments, Haddock and Coller 3 have been able to esti- 
mate with considerable accuracy the fluid needs of the dehydrated 
natient When a patient is first seen with signs of dehydration, such 
i m Arv skin a dry tongue, sunken eyes, rapid pulse, a slight 
taSLt urine output, thee, uutho.u h.ve .tat 

1 ’ , „ loss of liquid approximately equal to 6 per cent of 

A putln. u-ci.hh.ir tta™ -uhl ttejto. 
the bod. b 3 GOO c.e. as an initial supply of 

The »r f- 
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of vaporization (loss through skin and lungs) and one and one-half 
liters for urine. It is, therefore, evident that a seriously dehydrated 
patient would require in the first twenty-four hours 3,600 c.c. plus 
2,000 c.c. plus 1,500 c.c. to restore and maintain water balance. In 
addition to this requirement, any losses by vomiting, bleeding, fistulas, 
diarrhea, or massive exudation should be estimated and the quantity 
restored to the body. After the initial supply of water, the average 
daily, necessary intake for adults may be estimated as 3,500 c.c. This 
quantity should be decreased as the patient is able to retain food and 
liquid given by mouth. 


Cifculaiion of G-astro-intestinal Secretions 


Bile 
300-SOOc.c 1 



Succus Entericus 

3000 c.c. 


Secreted daily into upper 
qastTO-intestinal tract 
^ 3300 ~ 8800 c.c. 

This l- 3 times quantity 
taken by mouth: 

This 3-d times quantity 
excreted in urine. 

This about twice total 
volume of blood. 


»?' — Sketch Illustrating a circulation of the alimentary tract secretions. Tills 
tine " 8 * ,c ,,osslbmt >' of great fluid loss with obstructions high in the small intes- 


q Secretions Prom 
above reabsorbed 
■^>4by bowel below 


Obstructions of the intestine causing a loss of upper alimentary tract 
secretions are often associated with marked chemical changes in the 
body which may he demonstrated by blood examination. This loss is 
particularly marked if the obstruction is high or prolonged. The im- 
portant blood changes arc a loss of chlorides (hypochloremia) and 
increases in carbon dioxide combining power and an increase in the 
nonprotein nitrogen. After prolonged starvation, a disturbance in 
nutrition may he sufficient to decrease the blood serum protein. 4, •' 
Chemical changes assume less importance in those eases in which there 
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is early relief of the obstruction and in colon obstructions.' The best 
gauge of the extent of body chemical change is an estimation of the 
blood chlorides. In the treatment of intestinal obstruction, the blood 
chlorides should be restored to normal and maintained within normal 
limits. By so doing, the acid-base imbalance is corrected, destruction 
of body protein minimized, and proper water distribution to the body 
tissues assured. After a marked reduction has occurred in the blood 
serum protein, excessive quantities of sodium chloride may result in 
edema of the subcutaneous tissues or edema of the lungs. 



2. Sketch showing- choice of location for giving hypoderinoclysJs. 


It is quite evident that metabolic equilibrium cannot be maintained 
when food cannot be taken by mouth and utilized by the body in a 
normal manner. It is also quite true that food supply is of much less 
imuortance than water supply in the treatment of intestinal obstruc- 
tion However, dextrose may be freely given to such patients and 
will partially furnish the needed nutrition. 

w f; S 

(pwidysis). W.tor lone *<•»">« “ ” 


by 

veil in the vein. 
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Water is most safely given as physiologic solutions of sodium chloride 
or dextrose. Patients entering the hospital with marked hypochloremia 
may be given 250 to 500 c.c. of 2% or 5 per cent sodium chloride 
solution by vein to promptly restore the chlorides to normal. In most 
cases a physiologic solution will suffice. Dextrose in 5 per cent solu- 
tion is preferable to higher percentages to avoid the dehydration effects 
of hypertonic solutions. It is unwise as well as unnecessary to give 
hypertonic solutions under the skin. Subcutaneous tissues tolerate 
well physiologic sodium chloride solution alone or in combination with 
5 per cent dextrose. Ringer’s or Hartman’s solutions may be used 
instead of the plain sodium chloride solution and are preferred by 
many clinicians. Of the 'methods cited above for administering solu- 
tions, phleboclysis and hypodermoelysis are, from the standpoint of 
quantitative accuracy, more dependable tlian proctoclysis. Proctoclysis 
is satisfactory when it works properly, but too frequently the solu- 
tion is expelled by the sick patient and an accurate estimation of the 
body intake is impossible. The discomfort incident to increased dis- 
tention by water introduced into the rectum is also a valid reason for 
not using proctoclysis. It is also doubtful if dextrose is absorbed by 
the large bowel in sufficient quantity to be of value. 0 

Solutions injected by any of the three methods under discussion 
should be given slowly. Fluids given by vein may be safely admin- 
istered at the rate of fifty to sixty drops per minute. The rate of 
absorption under the skin varies widely with different patients and 
should be controlled by preventing tumefaction of the part. A rapid 
instillation into the rectum will stimulate expulsion and loss of fluid. 
A very satisfactory routine method of supplying the estimated daily 
requirement of 3,500 c.e. of fluid is accomplished by injecting 2,000 c.c. 
into the vein and 1,500 c.c. under the skin. To distribute the intake 
throughout the day, one of these injections may be given in the fore- 
noon and the other in the evening. The injections should be discon- 
tinued at night to avoid disturbing the patient's rest. Since embolism 
is considered by many a dangerous complication of continuous phle- 
boclysis,‘> 8 ini ravenous injections in interrupted doses are preferred. 
To control the salt intake the blood chlorides should be estimated every 
second day. If the blood chlorides are found normal or above normal, 
dextrose solution alone should be given until the need of sodium chlo- 
ride is evident. 

1 here is some danger of giving too much wafer and sodium chloride, 
the overburdening of a weakened circulatory system by increasing the 
blood volume” or tbc production of a general edema and edema of the 
lungs 10 must be avoided. Too much sodium chloride predisposes to 
general and pulmonary edema. 
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is early relief of the obstruction and in colon obstructions.' The best 
gauge of the extent of body chemical change is an estimation of the 
blood chlorides. In the treatment of intestinal obstruction, the blood 
chlorides should be restored to normal and maintained within normal 
limits. By so doing, the acid-base imbalance is corrected, destruction 
of body protein minimized, and proper water distribution to the body 
tissues assured. After a marked reduction has occurred in the blood 
serum protein, excessive quantities of sodium chloride may result in 
edema of the subcutaneous tissues or edema of the lungs. 



Fie- 2, sketch showing- choice oC location for giving liypodermoclysls. 


It is quite evident that metabolic equilibrium cannot be maintained 
when food cannot be taken by mouth and utilized by the body in a 
normal manner. It is also quite true that food supply is of much less 
importance than water supply in the treatment of intestinal obstruc- 
tion. However, dextrose may be freely given to such patients and 

will partially furnish the needed nutrition. 

iz s; i * 
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generally causes very little discomfort and may be left in place for 
several days. The indwelling- tube is also of value in testing the return 
of bowel function. It may be clamped at two- or three-hour intervals 
when liquid diet is started to determine the tolerance of the bowel for 
liquid and food. If the aspirated quantity at the end of the closed 
tube period is less than the intake for that period, the tube may usu- 
ally be safety removed. 

Attempts to reduce distention by repeated enemas are of doubtful 
value. Enemas should be used with a full realization that gas and 
feces obtained from the eolon bj r such measures may in no way affect 
the obstructed bowel above. One must beware of a feeling of false 
security which might arise after a successful evacuation of the lower 
bowel. Experiments have shown that the type of enema commonly 
used does not stimulate peristalsis in the small intestine and cannot 
be expected to aid in its evacuation. 14 

Enterostomy as discussed above has its value in the mechanical re- 
duction of intestinal distention. 

By preventing and reducing distention of the gut, muscle tone and 
rhythmic contractions are maintained. As long as a bowel retains its 
power to contract, the blood supply to its walls is intact. A bowel 
wall cannot be active without an adequate circulation. Since morphine 
stimulates the tone and rhythmic contractions of the small intes- 
tine, 15 ’ 10 it may be given with assurance in sufficient quantity to make 
the patient comfortable. Since sodium chloride in hypertonic solutions 
will stimulate peristalsis, it is reasonable to assume that it may be a 
factor in maintaining bowel tone when given in physiologic solution 
m sufficient quantity to maintain the chlorides at a normal level in 
the body. 

The use of spinal anesthesia to evacuate the bowel is a rather drastic 
treatment and of doubtful value. It certainly should never be used 
for this purpose as long as the bowel is obstructed. Pituitary extract 
and similar peristaltic stimulants should be used with caution and like 
spinal anesthesia should not be used as long as obstruction exists. If 
peristaltic stimulants are used after the obstruction has been released, 
it is advisable to begin with small doses and increase the dosage if 
r cll tolerated. It is the opinion of Ochsner 17 that stimulating drugs 
are of little or no value in the treatment of ileus. 

4. Application of Heat to the Abdomen . — Moist or dry heat applied 
to the distended abdomen is beneficial when judged by clinical ob- 
servation. It is believed by some authors that heat has a direct effect 
upon the gut by increasing tone and stimulating peristalsis.'" Since 
no known harm results from applying heat, if blistering is avoided, 
its use is recommended. Ileat applied either as moist packs or as drv 
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3. Prevention and Belief of 

tion of the danger of ovcrdisUn »°» dangerous i y ill unless there is 
treatment. A patient is usna intestine . Increased pressure 

marked distention of the stomao^ ^ ^ Wood supply 

within the lumen of the g* ' lUcre is no absorption of toxic 

Of its wall . 11 ' 13 It is ; ,r " C th ; obstructed intestine until overdis- 
products from the content ^ of thfi gut wall, 
tention has damaged the cncm 
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heat from electric bulbs over the abdomen seems to be equally effective 
and may be used as the surgeon’s choice dictates. 

5. Oxygen Therapy . — Oxygen is probably too little used in serious 
cases of intestinal obstruction. With abdominal distention and changes 
in blood composition, the vital capacity of the lungs and oxygen car- 
rying capacity of the blood are decreased. The recent work of Pine 
and his associates 18 presents a new viewpoint in oxygen therapy that 
may prove to be of value in reducing abdominal distention. They found 
that the absorption rate of gas within the bowel is increased in direct 
proportion to the quantity of oxygen given. Thalliimer 19 emphasizes 
the teaching of Haldane that mild degrees of anoxemia have serious 
effects upon the nervous symtem and moderate or severe degrees may 
be fatal. Oxygen therapy administered by tent, nasal tube, or oxygeii 
room is recommended for patients who are very ill with intestinal 
obstruction. The administration of oxygen should not be postponed 
until the patient is cyanotic or the condition seems liopei ess. 

6. Bed Postnrc . — Comfort and vital capacity are increased by raising 
a patient’s back rest to a semisitting posture. This position may be 
altered at intervals to rest the patient. Deep breathing and frequent 
turning of the patient are important to minimize the danger of con- 
gestion at the lung bases. 

7. Transfusions . — The transfusion of blood as a supportive treatment 
for patients witli bowel obstruction has been favorably recommended. 

It is especially indicated after an illness of several days when protein 
depletion is imminent. 

SUMMARY 


It is emphasized again in conclusion that there is no substitute for 
ea r]y operation when the intestine is mechanically obstructed. Inflam- 
matory, obstructions due to paralysis or recent adhesions between loops 
of bowel may spontaneously release themselves with control of disten- 
tion and other supportive treatment. 


Extensive operations upon an acutely obstructed bowel are hazard- 
ous except in the early cases. The briefest operation with the least 
possible trauma is the procedure of choice. It is in this type of ob- 
struction that enterostomy not only may be life-saving but also may 
be frequently the only operative procedure necessary. 

When a very early diagnosis of obstruction is made and obstruction 
successfully relieved by operation, much of the treatment outlined 
above mav be unnecessary. In very late cases all treatment may be 
f little avail In an active surgical practice there are sure to a I 
1 of oiuctive lesions and to say that any one nutlme of treat- 

IZ to .11 wo- bo folly. 
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pens to be noted or borborygmi are picked up by tbe stethoscope, The 
white blood count frequently will be elevated, but tbe absence of 
tenderness or sjiasm tends to give the physician a false sense of secu- 
rity. No trouble will occur for a period of hours depending upon the 
level of obstruction. Then, there will be a repetition of the attack. 
This latent period of freedom from symptoms often throws the unsus- 
pecting physician off his guard and retards his diagnosis. The latent 
period results because of the time that it takes for the bowel above 
the obstruction to again become filled with secretions. In the objective 
obstructed or strangulated hernias, of course, there are no difficulties 
of this kind. 

It is in the patients who have passed the first forty-eight hours from 
the onset of their obstruction that it is exceedingly difficult to make 
a prognosis. The small bowel usually has distended quite considerably 
by this time. The contents within it have become foul, stagnant, and 
toxic. There is no way for the surgeon to decide with certainty 
whether he is dealing with a strangulated loop or not. The tempera- 
ture may be normal or subnormal ; and the pulse may be slow. It is 
possible to judge that the patient is beginning to get toxic by mani- 
festations of discomfort and a worried expression. There may be a 
slight flush at times. The patient becomes restless. He may drowse 
off for periods only to rouse and thrash about. The tongue looks red 
and dry. The vomitus begins to get a fecal odor. Tbe white blood 
count is high— out of proportion to the abdominal signs. The inex- 
perienced surgeon is more likely to underestimate the severity of the 
condition of his patient than to really evaluate it. He is surprised to 
find how high the nonprotein nitrogen of the blood is recorded in the 
chemical laboratory. If he operates, be may undertake a more exten- 
sive procedure than is necessary. He should remember that usually 
following operation the general condition will be worse for some hours, 
as can be observed by changes in the temperature, pulse, and chemistry 
of the blood. It is just here that tbe surgeon of experience can tell 
that the patient is much sicker than be appears to be. He will not be 
able to state why be thinks so. if pressed by his colleagues. If the pa- 
tient has gone beyond the forty-eight- to seventy-two-hour period with- 
out manifestations of grave toxicity, it is usually an indication that 
strangulation is not present, and that the loops arc being successfully 
decompressed cither through vomiting or suction drainage. It is well, 
however, for the surgeon to keep in mind in the early period of an 
obstruction that he probably is dealing with a strangulation ns he has 
no means of knowing it except by exploration (Case 1). 

If the diagnosis of complete intestinal obstruction can be made at 
the onset of the symptoms, the sooner surgery is undertaken the better. 
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FACTORS DETERMINING THE SELECTION OF OPERATION 
IN OBSTRUCTION OF THE SMALL INTESTINE 
John J. Morton, M.D., Rochester, N. Y. 

(From the Department of Surgery, the University of Jlochester School of Medicine 

and Dentistry) 


'T'HERE is no more severe test of a surgeon’s ability than in the 
decisions lie makes regarding the treatment of intestinal obstruc- 
tion. The factors which influence his judgment in any given case are 
many and varied. The general condition of the patient, the time since 
onset, the cause of the obstruction, the level of the obstruction, the 
local condition of the obstructed bowel, the changes in the chemistry 
of the blood — all must be given serious consideration. Then, in addi- 
tion, there remain certain intangibles which the older surgeon cannot 
define but which he recalls from past experience of similar circum- 
stances. 


The general condition of the patient at the time of entry is, without 
doubt, the most important single factor in determining what type of 
operation, if any, can be tolerated. The patient’s condition is essenti- 
ally the resultant of all the factors mentioned in the first paragraph 
above. Under certain circumstances, the combinations of these factors 
have led to such a state that a lethal outcome cannot be avoided by any 
therapy at present available. Hence it becomes a prime necessity for 
the surgeon to be able to estimate how sick his patient really is. 

There will be little difficulty in the very late toxic patient. He will 
be either in the stage of exhaustion with a grayish pallor; darkly 
circled, sunken, dull eyes; anxious, drawn, fatigue lines about the 


mouth ; drowsiness ; fecal odor to the breath ; overflow type of re- 
o-urgitant vomiting; distended, silent abdomen; and cold, clammy 
extremities: or in the stage which just precedes it, when his pulse 
will be rapid, his temperature high, and his face flushed and unhappy. 


He mav be restlessly thrashing about the bed when the painful cramps 
have not yet given way to the paralytic stage. In neither of these 
stages is operation likely to be of any value. 

In the early stages within a few hours after the onset of symptoms, 
there will be also little difficulty in making a decision. There has been 
hut si i <r ht. change in the patient’s general condition at this time. The 
, ‘ ", d aimer is from deciding that nothing serious is wrong. The 
° ;. A w] crampv pains followed by repeated vomiting. E.vami- 
P Von -fives practically no information, unless visible peristalsis hap- 
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Meckel’s diverticulum, obstructions of loops through tears in the 
mesentery, and internal herniations fall into this latter group. Stiangely 
enough the obstructions which follow recent surgical interventions 
rarely are picked up early by the surgeons in attendance. I he vomit- 
ing in the first week or ten days after operation is assumed to be 
natural for certain patients. The crampy pains are believed to be gas 
pains onlj r . It is hard for the surgeon to realize that such a calamity 
can follow one of his operations. The diagnosis thus is made with 
reluctance. On the other hand, obstructions in the presence of peri- 
tonitis are expected. If such a patient passes the two weeks’ period 
without obstruction, it is considered fortunate. Both these latter type 
obstructions offer a fairly favorable prognosis, however, for frequently 
it is possible to carry them on suction drainage until the adhesions are 
absorbed. The high obstructions about the mesentery in infants are 
usually partial ; they constitute a class in themselves, requiring special 
handling. Obstructions occurring in pneumococcie, streptococcic, or 
tuberculous peritonitis ai’e conditioned by the severity of the general 
infection (Case 2). 

Generally, it is thought that high obstructions are more dangerous 
than low ones. From experimental work it has been concluded that 
the nearer the obstruction to the bile ducts, the more severe is its 
character. It is our experience that this is not so unless a short high 
loop is strangulated. The high obstructions are more easily controlled 
by suction drainage than the low ones. The salt and water balance 
constitutes the main difficulty in the high obstructions. This can be 
restored quite readily, after which the toxicity as measured by non- 
piotein nitrogen approaches normal. The low obstructions sometimes 
also do well, but there is more opportunity for some loops to twist and 
become trapped. The plasma volume must be taken into consideration 
under such circumstances. 

The condition of the blood supply of the bowel is of the utmost im- 
portance. Strangulation with gangrene modifies the prognosis more 
than any other single factor as far as surgery is concerned. The sur- 
geon can only hope that the bowel segment will recover when once 
its circulation has been released from the obstruction. Under hot 
packs, the bowel should be watched for fifteen to twenty minutes. 
Signs usually regarded as favorable for viability are: return of red- 
dish color, return of pulsation in the vessels, appearance of a glisten- 
ing surface on the visceral peritoneum, and peristalsis on stimulation. 
If the loop does not show these changes, it is usually safer to resect it. 
Kescetion should be carried well beyond the damaged bowel into 
healthy tissue to avoid small thromboses in the vessels. 'The more ex- 
tensive the resection is, the more difficult the surgery, with eon.se- 
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There should be no mortality from these early operations. It is the 
ideal time for operation in intestinal obstruction. There are many 
reasons why operation is safer at this time. The principal reason is 
that there has been little change in the patient ’s general condition so 
that operation is performed under better circumstances. The loops 
hare not become distended to any degree so that they do not get in 
the way. The obstruction is easier to find and to handle. There is less 
danger of impairment of the circulation to the bowel. There is less 
loss of fluids and salts. The bowel can be manipulated more safely 
without fear of rupture. Spinal anesthesia can be selected unless con- 
traindicated for other reasons with fear of tearing a damaged loop by 
its use. The recovery after operation in these eases should not be dif- 
ferent from that which follows any other abdominal operation. 

It may be proper to ask what is the safe period of time to watch a 
patient without risking a gangrene of the bowel if its circulation hap- 
pens to be cut off. This is a difficult question to answer. There is really 
no surely safe period for observation. In an occasional instance, the 
bowel will be damaged irreparably after three hours of strangulation 
of its blood supply. On the other hand, a complete cutting off of the 
circulation may be tolerated for as long as from six to ten hours. 
There have been eases where the circulation must have been shut off 


intermittently for much longer periods with eventual recovery of the 
bowel. Owing to the uncertainty, it is wiser to play on the safe side 
and not set any limit but to proceed as soon as is expedient. Also, 
this uncertainty is a very powerful reason for not attempting to reduce 
an obstructed hernia under average circumstances. 

The surgeon is not often called upon to treat intestinal obstruction 
in the ideal time period, i.e., within the first six to twelve hours. It. is 


usually his lot to have to deal with much Inter obstructions. If the 
first forty-eight hours have passed, time should be taken to get the 
patient into better condition if possible. This can be done by decom- 
pression of the obstructed loops by the use of Wangensteen suction 
drainage. The blood chemistry can be studied and the deficiencies 
made up as indicated. Salt, sugar, or blood can be given; and drugs 
so that the patient can be rested until ready for surgery. 

When the cause for the obstruction is obvious, the prognosis isusu- 
allv o-ood. For this reason, obstructed hernias are recognized quickly 
'a operation is done in the favorable period. The same is true for 
intussusception in children, unless there is doubt about the diagnosis. 
Ti is also fairly common to get a reasonably early diagnosis m patients 

, i , obstructions about old adhesions from previous abdominal 
,vho l^e obst wt « obscHre< May is frefJll en,Jy respon- 

operations. XVI consequence, the obstructions due to 
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geon should have the ability to adapt himself to whatever he finds. 
Sometimes a sidetracking operation will be the most simple solution 
of a complicated situation. Care should be taken to minimize trauma 
and to cover raw areas so that future obstructions may be prevented. 
At times in chronic recurring obstructions, it will be necessary for the 
surgeon to use all his ingenuity and versatility in attempting to solve 
the problem (Case 5). When obstruction has occurred repeatedly about 
the same area of the intestine, it is sometimes the best surgery to 
perform a radical resection of this region. The tendency to repeatedly 
obstruct is usually based upon a pathologic process. Removal of the 
diseased tissue in such a ease is the best insurance against future 
obstructions (Cases 4 and 5). The type of anesthesia best adapted to 
the individual should be chosen. It is fortunate that there is now such 
a wide latitude of choice. When spinal anesthesia can be used, it makes 
the surgery much easier from a technical standpoint. The inhalation 
anesthesias are to be avoided whenever it is possible without sacrifice. 

Sis case reports are appended to illustrate problems which may 
arise in the selection of the proper care for patients with obstruction 
of the small intestine. 


Case 1 . C. E., No. 123601, a boy seventeen years of age, was admitted to the 
Rochester Municipal Hospital on January 20, 1937. Six days previously lie had a 
sore throat not accompanied by chills or fever. The following day there was a con- 
stant severe abdominal pain around and above the umbilicus. The bowels failed to 
move and numerous enemas were not effectual. He had vomited three to four times 
daily since the onset of pain. The pain was not crampy in character. One year 
previously ho had had a gastrointestinal upset but except for frequent constipation, 
no °tl |e r trouble referable to the gastrointestinal system. His father had died of 
pulmonary tuberculosis three years before, but he had not been exposed to it. He 
"orbed hard himself and did not get enough sleep. He fatigued easily. He had felt 
run down for about one year. For one month he had had night sweats. There had 
been no cough or afternoon fever. 

Examination showed temperature, 37° C. ; pulse, 70. He did not appear ill, al- 
t lough he was dehydrated. The throat showed acute tonsillitis and pharyngitis. 

io abdomen was markedly distended, tympanitic, and tender in all quadrants on 
pressure. Intestinal patterns were visible, and borborygmi were heard by some ob- 
. oners but not by others. A fluid wave and shifting dullness were noted. The 
"life blood count was 15,050. Some observers thought that he looked acutely ill. 

lere were comments in the notes on his restlessness. Other observers thought that 
a "as drowsy. The general impression was that of discomfort and worrv on the 
part of the patient. 


b' "as placed on duodenal tube drainage. The fluid drainage from the tube had 
a decidedly fecal odor. Temperature was recorded as subnormal, and pulse remained 
at i0. The nonprotoin nitrogen of the blond was (id, and the chlorides were .186 mg. 
per cent. Flat plate of the abdomen showed enormously distended loops of small 
nmo filled with fluid, definite levels being depicted. He was given intravenous salt 
g noose. At operation under spinal anesthesia, volvulus was found to have oe- 
fibrous cord of a Meckel's diverticulum completely obstructing the 
' 111,1 m "°' to thnt level. Upon division of the cord, deep vigorous peristalsis 

» Mined in the obstructed bowel. The diverticulum was removed and (tie base in- 
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quently more damage to the patient in shock, etc. Even so, as much 
as twelve to thirteen feet of bowel, amounting to over half of the 
small intestine, have been resected with recovery. 

When the bowel appears to be able to survive, it should be returned 
to the abdominal cavity. There is always an element of danger in 
doing- this as is. evidenced by Cases 3 and 4 which were handled by 
experienced surgeons and thought to be viable. 

Aside from the blood supply, the amount of distention in the small 
bowel is of importance. This is more so from the recovery standpoint 
than from the influence on the type of surgery. It is amazing how 
much the small bowel can be stretched and yet recover its function. 
There is, of course, a certain amount of paralysis from overstretching 
the musculature. This causes a degree of paralytic ileus which must 
be taken into consideration with every severe, long-standing small 
bowel obstruction. The damage may be permanent in some cases, but 
some degree of slow recovery is the rule. 

The surgeon who can follow the chemistry of the blood in his pa- 
tients gets information of great value. He finds that the strangulation 
obstruction eases do not suffer so much from salt loss as they do from 
loss of plasma volume, Tlius he makes ready for transfusion instead 
of giving his patient too much salt which may be harmful. The pa- 
tients who lose many of their upper intestinal secretions through 
vomiting, on the other hand, require restoration of salts and water. 
"When once the bowel begins to resume its function, blood chemistry 
studies need not be carried further. 

There are certain surgical principles which should be applied to any 
ease of small bowel obstruction. The surgeon should operate only 
under circumstances as favorable as they can be made. Nothing more 
should be done than is absolutely essential to restore the bowel to its 
normal relationships. The removal of an appendix or a Meckel’s 


diverticulum is usually unnecessary and subjects the patient to an 
added risk when he already has about, all that he can care for (Case 1 }. 
The simplest procedure which will relieve the situation is the best 
surgery. Gentleness in manipulation of the bowel will diminish the 
postoperative discomfort. If the surgeon will trace the collapsed loops 
upward from the ileocecal region to the distended intestines. lie will 
do less damage to his patient. When a loop with a damaged blood 
supply is found, after release it should be wrapped in warm gauze 
nocks' and observed. If it appears to he recovering, often it may be 
returned with more safety than it can he resected. In case of doubt, 
resection should be done. Gangrenous patches can he tunic! ... locally 
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had-been given. These abscesses were drained. She went homo in good condition 
oh January 12, 1934. She had had no further trouble with her intestinal tract when 
examined one year later. 


This ease illustrates the value of being' able to estimate the general 
condition. If the surgeon had operated upon this girl when she was 
suffering from a general peritonitis, he would have had a fatality with- 
out any doubt. Operation would have accomplished nothing. The 
bowel was in a state of paralytic ileus. Enterostomy, the simplest 
procedure, would have been useless. By waiting until she had reacted 
to her infection and had partly overcome it, the surgeon was able to 
call to his aid all the factors of acquired resistance to the infection. 
When definite localizing signs of an organic obstruction were present, 
there was a definite indication for action. The bowel had recovered 
ds tone. Release of the adhesions restored the intestine to its normal 
relationships and function. 


Case 3. B. C., No. 119,592, a woman, forty-two years of age, was admitted to 
the Strong Memorial Hospital ou September 22, 193(5. One month previously, she 
'■>d been operated upon for acute intestinal obstruction. At this time she was very 
t°xie after forty-eight hours of crampy pains, obstipation, and vomiting. She was 
stuporous; and she had abdominal distention, fecal vomiting, and a pulse rate of 
rttl At operation a loop of small bowel had strangulated about the point of attach- 
ment of a previous uterine suspension. The bowel was released. It was quite dark, 
’at the circulation returned so that it appeared adequate. She recovered under 
suction drainage until the third day. Pneumonia developed then, and it was necessary 
t(1 ^p her in an oxygen tent for twelve days. On the fifth postoperative day, her 
"ound began to discharge. The local physician opened it wider. It has discharged 
fecal material since then. Two weeks before entry she began to run fever. A full- 
ness developed in the right lower quadrant. Upon admission, an abscess in the right 
°"er quadrant was drained through a MeBurney incision. There was a finger-sized 
opening in the bowel at the bottom of the abscess cavity. Following drainage the 
abscess cavity obliterated, and the fecal fistula graduallv became smaller. It finallv 
closed. 


J bis patient illustrates the danger inherent in returning a strangu- 
hdetl loop, which appears to have recovered. The surgeon used good 
Judgment at the operation as the patient teas in a critical condition. 
Rnt some portion of the bowel failed to live. The resulting feeal fistula 
>»id localized abscess may lie responsible for future trouble. 


. *• h. IN., No. 109272, a woman, forty-three years of age, was admitted to 

Memorial Hospital on December 1, 1935. There had been a sudden onset 
se\cre crampy pains in both lower quadrants twenty-four hours prior to admission, 
mro was temporary relief following the passage of four to five loose stools but a 
utiirn of painful cramps about ton hours later. The cramps became worse as time 
enpstd. There was nausea but no vomiting. She had passed a little gas with an 
had 11 ) 1 U '* ie 0!ls<!t d’O attack but none after that. In her previous historv, there 
i.h >een three laparotomies for pelvic and appendiceal disorders. Seventeen years 
l ^o on the eighth day after n cesarean section, her bowel had obstructed, necessitating 
an opt ration for release of adhesions. Binec that time she had been free from 
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verted. The obstruction was relieved by the passage of the intestinal contents while 
on the operating table. Transfusion was done following operation; also, fluids were 
supplied. Suction was continued. The nonprotein nitrogen had dropped to 50 on 
the next day, and the chlorides were 574 mg. per cent. On the second day post- 
operatively, the nonprotein nitrogen was 37 and thc chlorides 40 1 mg. per cent. Suc- 
tion drainage was discontinued. Temperature which had risen to 38.5° C. dropped 
slowly to normal during the week. His bowels moved spontaneously or by enemas 
daily following operation. He had a smooth convalescence and was discharged well 
on February 4, 1937. 

This ease illustrates the difficulty in arriving at a diagnosis when 
there are other possibilities to consider. He was seen by several sur- 
geons before the diagnosis was made. Even then his condition was 
thought to be better than the blood chemistry studies showed it to be. 
At operation, the surgeon relieved his obstruction by dividing the 
fibrous cord of the Meckel’s diverticulum. He could not resist the 
temptation to remove the diverticulum. This is meddlesome surgery 
in the presence of acute obstruction. It exposed the patient to the 
danger of a peritonitis. The obstruction was relieved when the cord 
had been divided. The removal of the diverticulum added a risk which 
should not have been taken. 


Case 2. — S. V., No. S3048, a girl, fen years of age, was admitted to the Strong 
Memorial Hospital on November 27, 1933. She had been well until November 2-1. 
1933. At this time, she developed a severe chill and headache. This was followed 
by spasmodic abdominal pain. The pain was low in the midnbdomen and excruci- 
ating in character. There had been no nausea or vomiting. Upon examination, if 
was apparent that she was acutely ill and toxic. Temperature reading was 104” 
(40° C.) and pulse rate, 140. The tonsils were reddened. The abdomen was very 
tender to palpation in both lower quadrants. There was slight spasm of the ab- 
dominal muscles but no real rigidity. There were undoubted signs of peritoneal 
irritation but no evidence of perforation of a hollow viseus. The urine was loaded 


with pus. There was a slight vaginal discharge. The white blood count was 35,000. 
The degree of prostration and the general reaction seemed out of proportion to the 
peritoneal condition. This indicated that the abdominal signs were merely part of 
a generalized process, cither a streptocoeeie or a pneumoeoecie peritonitis. It was 
decided to do an abdominal paracentesis to see if the type organism could he re- 
covered. Otherwise she was to be watched and to he given supportive treatment. 
Laboratory examinations showed throat culture, 50 per cent streptococci; vaginal 
culture Streptococus hcmohjiicns; repeated blood cultures, no growth; peritonea! 
fluid Streptococcus hemohjticus. She also showed some patches of pneumonia in both 
lower lune fields within a few days after entry. During the next two weeks she was 
very ill ^he became distended, had nausea and vomiting; also, fluid appeared m 
! ot’h pleural spaces. The pleural fluid was spontaneously reabsorbed, but signs m 
the abdomen suggested localization of an abscess with b, -ginning intestinal ohstru,- 
Aeeordinclv on December 7, 1933, under avert .n and local an-stlm-m. a M. 

4 - • icinn was made. The ileocecal valve was identified and a c,lln|.«od loop 

Burney me - >■ pome n(1 t 1{ , s j 0 „<, 0 n the lateral wall of the right pcLL. When 

of bowel trace • ^ rc j eaRe d, the collapsed loops filled with contents from 

these adhesions hs ^ CTD ,j atc and about 5f> to 75 of fluid were 

above. There was a - . n ra j n .,op Postoperatiw-lv sic made a good 

prcscnt . C! -^ or XCali ? ,tio n of abscesses in each thigh where 1. ypodc, mode- 
recovery except 
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tions. Unless the inflammation completely resolves, it leaves an area 
of damaged intestine with chronic inflammation, edema and fibrosis, 
and the formation of protective inflammatory reactions m the neigh- 
borhood. This furnishes an ideal background for anotliei obstruction. 

Case o.— M. D., No. 38S39, a woman, nineteen years of age, was admitted to the 
Strong Memorial Hospital on October 20, 1931. She was operated upon foi suppose 
acute appendicitis, but instead calcified lymph nodes were found. One of tlie^e w « 
removed. Microscopically, it showed old tuberculosis. About one month later . e 
began to have attacks of crampy pains, vomiting, distention, and joint tiou e. 
attacks were intermittent in character. There would be days of complete relie . 
She was followed closely in the hospital for about six weeks, two conditions being 
seriously considered — tuberculous peritonitis and partial intestinal obstruction, 
attacks became progressively more severe until it became necessary to exp ore. 
adhesions were found almost completely obstructing the niidileum. Tliere were a - o 
other loops kinked and twisted by adhesive bands between them. At one point a sma 
volvulus had occurred about an adhesion. All these conditions w ere coi rectec . 
abdominal scar in this patient was keloidal in nature and the tendencj to orm 
was marked. One week later because of failure to improve, she w as operate upon 
a second time. The loops of bowel were densely matted togethei at tie ones pom 
of obstruction previously noted. Even when these loops had been released t lere nas 
so much scarring in the mesentery that they tended to resume their old kin te re a 
fions. Accordingly a lateral anastomosis was made around them. After a slow re- 
covery and a prolonged convalescence during which she bad complaints refen ed to 
the gastrointestinal, neurologic, and genitourinary systems, she was discharged from 
the hospital on February 28, 1932. She continued to have pains in the joints but had 
no further gastrointestinal upsets until October 13 , 1932. At this time she had an 
attack of abdominal pain and vomiting which progressed to complete obstruction. 
Exploration on October 15, 1932, showed many adhesions and a band obstruction 
rather high in the jejunum well above the anastomosis. At closure, oO c.c. of 
amfetin was left in the peritoneal cavity in the hope of preventing adhesions. S le 
gradually recovered and was discharged on November 1, 1932, free from complaints. 
She was readmitted two days later with a return of symptoms. Upon fai ure to 
improve, the abdomen was explored again on November o, 1932. Many adhesions 
were present involving 3 or 4 feet of the terminal ileum in Kinks, much of the 
trouble being due to adhesions across the mesentery. 

For tlie next two months she continued to have discomfort alternating with periods 
of freedom. The condition, however, gradually went on to complete obstruction. 
On November 20, 1932, for the fifth time operation was done because of obstruction. 
A mass of pathologic small bowel loops 3 feet in length was resected and an end-to- 
eiul anastomosis made between healthy jejunum and terminal ileum. A broad piece 
of rubber dam was left between the undersurface of the incision and the bowel. It 
was brought out as a drain at the lower end of the wound. It was hoped in this wav 
to prevent adhesions to the peritoneal side of the incision. The excised specimen 
showed a greatly thickened mesentery with subacute inflammation of the bowel. 
There were no tubercles or epithelioid cells identified. She began to hate obstructhe 
signs once more about three weeks after operation. The sixth operation, on December 
M, 1932, showed a definite obstruction at the site of the end-to-end anastomosis. The 
bowel tvas tied in a complicated inflammatory reaction at this point. The simplest 
way to relieve the obstruction seemed to be by a lateral anastomosis between t he 
dilated ileum above the obstruction and the ascending colon. This was done, fslie 
improved until January 20, 1933. At this time she had diarrhea, vomiting, abdominal 
cramps, and signs of an imminent obstruction. Conservative measures were adopted 
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symptoms. Upon oxammation at entry, she appeared to bo in moderate pain. There 
was distention of the abdomen. Peristalsis with a definite small bowel pattern was vis- 
ible in the right lower quadrant. Many abnormal peristaltic sounds were easily heard 
through the stethoscope. The temperature was 37°; pulse, 7G. The white blood 
count was 12,000. A scout film of the abdomen showed a loop of small bowel dis- 
tended with gas in the right pelvis. A duodenal tube was inserted and 400 c.c. of 
greenish fluid with a moderate amount of gas was recovered. There was some relief 
from this procedure, but the white blood count rose to 10,000. 

At operation two hours later, there was a large amount of slightly cloudy non- 
odorous fluid in the peritoneal cavity. Several loops of small bowel were bound 
down in the pelvis by long dense fibrous adhesions, stringy in character. These were 
released. When this had been done, it was apparent that there was a badly ob- 
structed loop of a deep purplish plum color buried under a mass of adhesions in the 
pelvis. These adhesions were attached to the posterior wall of the bladder and to 
some remnant of her pelvic organs. When the adhesions had been dissected from the 
bladder, it was possible to bring up the intestinal loop. The obstructed bowel was 
about 12 inches (30 cm.) from the ileocecal valve. Although the discoloration of this 
loop was considerable, in about ten minutes under hot gauze packs it became reddish 
purple, and pulsations could bo seen returning in the vessels. There were no areas 
of frank necrosis. The bowel wall glistened and peristalsis could be started by 
gentle pressure on the segment. Accordingly, it was decided that the loop was 
viable. Closure was made. Recovery from operation was quite satisfactory. The day 
after operation the nonprotoin nitrogen had fallen from 38 to 2S mg. per cent. She 
was discharged to her local doctor on the tenth day after operation. The wound was 
well healed. A smooth nonresidue diet and the use of mineral oil were recommended. 
She was readmitted twelve days later because of recurring abdominal pain. Two 
days previously there had been a sudden onset of sharp crampv pain in the right 
lower quadrant. This passed off but returned again twenty-four hours later. Pour 
hours before admission it became quite severe. She again presented the signs of an 
acute intestinal obstruction. At operation, the ileum was found densely adherent to 
the anterior abdominal wall about 10 to 12 inches from the ileocecal valve. These ad- 
hesions were dissected free; in doing so, n small quantity of clear, odorless fluid 
seemed to come from a perforation in the loop. Accordingly, the involved loop which 
was narrowed and scarred by fibrous adhesions was resected and an end-to-end 
anastomosis made. Examination of the resected segment showed a dusky narrowed 
circular fibrosed area with a small opening into the lumen at one side. The mesentery 
below was black. There was edema of the wall and thrombosis of both large and 
small vessels. Apparently the segment which had appeared viable at the previous 
operation had become necrotic at one point but fortunately had been walled olT by 

adhesions. 

Recovery from this operation was uneventful. Since discharge from the hospital 
there has been no further trouble. 


A T oic —This sequence of obstructions represents the danger in re- 
timrin" « badlv damaged bowel to the abdominal cavity. According 
. nu/m-csent’ criteria, there was every reason to suppose that tins 
, ]fl rC eover. Apparently, however, one portion of the gut 

Wi,h necrosis, on 

had pi <= adhesions of the involved area. The question may 

and walling • ba dly damaged segment is not always a 

for perforation or as a focus for future obstrue- 



HIRSCHSPRUNG 'S DISEASE; INDICATIONS FOE AND 
RESULTS OBTAINED BA' SY3EPATHECT03IY 


Aiszed Yf. Adsox. 3L D„ Rochestee. hlxson 

fFror. tr.( Seclior, or. 2To'zro , .ogic S'Arnonj, the licyo Clinic) 

' | HE term HIrsehsnrang 's disease 2 is synonymous vrith congenital 
megs colon of neurogenic origin and is used to distinguish this dis- 
ease from acquired rr.cgacolon arising from chronic obstructing lesions. 
In the former, the megacolon results from neuromuscular dysfunction: 
“hereas. m the latter, it develops from mechanical obstruction. The cor- 
rection of Hrrschsprunn "s disease therefore becomes a neurosurgical 
problem, a problem of reestablishing normal peristaltic movements and 
regulated periods of defecation. 

ettouocv 

Hirsci-sp^rung's disease is presumed to be of neurogenic origin, in 
~'.:cr. the mechanism for filling the intestine or for retaining intestinal 
content overbalances the emptying mechanism: this accounts for the 
retention, of feces in the dilated and bypert roph fed sigmoid and colxir 
■‘rig. I.. The patients are usually children or young people. It is ap- 
parent tint the inrJbitory muscular responses to the colon, and the 
contracting stimuli to the internal sphincter of the anus from the syrn- 
pair.etre otrtno™ arc more noverfui than the motor responses to the 
mu-eumture of tt.e colon and the inhibitory resn>onses to the internal 
•U -'.meter of the anus, vrhieh come from the parasympathetb- nerve 
Jt m-. to ezrjJ&in th is CT^fnnctfoTZ of tho n^tiroT^n^rnlsr 

general nervous -yuem calls for hypera'-tivity of the sympathetic 
‘-ystem to meet the demands of th-- r/.dy in endocrine secretion.-:. 
*• rrf rj n— m ’ o t> u* rrr.'ill It » !?/: <rrn; t>£ * r, a t f ■? Erv- 

'•treaunr the color, and internal sphirm-ter of tin- m-c*.~m. Defective 
Jarasyrnratbe*.:'- innervation mini' prod me a similar mm-ct. rirm-e tie 

f . _ .i. 1. 1 1 ;"tior. rith-h •c ;; 




L 77- '■ 7' ,'A - . Z 

TTJ-'-' Zi. T f- T~’ , T O r*~ OT* O f * 7 -? <- ~-ZT7T„ * 

r=- ,i V>v*- tr.-- rr-"* rtr.<I - rrym i 

Tr 







858 


SURGERY 


changes in diet, atropine, ultraviolet light, paregoric,' opium, bismuth. For one 
month she required very careful nursing, but at the end of that time her intestinal 
tract began to behave normally. Site was discharged to a convalescent hospital where 
she slowly recovered. After six months in this institution, she returned to her home. 
In December, 1033, she had gained 24 pounds and felt normal in every way. Her 
bowels were regular. There was no further pain in the abdomen. She has remained 
in excellent health since that time without any further complications. She lias taken 
her place in the community for three years and has not lost any time because of 
illness. 

This case shows how many different lines of attack a surgeon nrast 
call upon in order to get his results in some complicated cases. It also 
illustrates the value of courage and optimism on the part of both pa- 
tient and attendants. 

Case G. — J. B,, No. 1S19S, a man, forty-two years of age, was admitted to the 
Rochester Municipal Hospital on September 20, 192S. He was a very sick man with 
a generalized peritonitis from a ruptured appendix of several days’ duration. Tho 
appendix was removed, no drainage was instituted. Paralytic ileus developed, and a 
jejunostomy was performed under local anesthesia. After one week of continued 
paralytic ileus, the jejunostomv began to function. One week later, a pelvic abscess 
was drained in tho right side. Three weeks later because of failure to improve, 
exploration of the pelvis was done. Many adhesions were present, and some definite 
points of obstruction were freed. This resulted in normal functioning of tho bowel. 
Then the enterostomy began to bo troublesome; much fluid was lost through this 
opening. Tho abdominal wall became excoriated and required constant attention. On 
November 12, 1928, the enterostomy opening was resected and an end-to-end an- 
astomosis was done. His recovery was rapid following this. Ho was discharged on 
December 10, 192S. He was readmitted for an acute intestinal obstruction with 
volvulus on December 19, 192S. This had followed eating a large meal at homo. 
After release of this obstruction, lie made a good recovery and was discharged on 
January 12, 1929. He had no further trouble from obstruction. A ventral hernia 
was repaired in June, 1931. Since that time lie has been in the dispensary for many 
minor complaints. Ho lias had no further intestinal involvement to date. 

Enterostomy for paralytic ileus is not a good procedure. The bowel 
will not drain well until it recovers its tone. In the presence of an 
acute peritonitis, enterostomy is often a positive danger. Wangensteen 
suction drainage will usually do everything that an enterostomy can. 
The patient is not subjected to a major risk by this latter typo of 

therapy. 
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and occasionally the entire colon is enlarged without the presence of any 
obstructing lesion, while the acquired type of megacolon is always as- 
sociated with a demonstrable mechanical obstruction. The acquired 
type of megacolon results from chronic obstruction and not from acute 
obstruction, which produces dilatation of the colon with thinning of the 
tunics. 

Thickening of the tunics, particularly the muscular layer, appears 
to be a compensatory response to overcome the obstruction, whether it 
is neurogenic or mechanical (Fig. 2). Dilatation is but another com- 



J Showing the absence of mechanical factors limiting the proximal dilatations 

of the transverse colon. 

pcnsatory factor in providing for the retained feces and accumulation 
°f gas. Histologically, the circular and longitudinal muscular fibers arc 
seen to be hypertrophied, which explains the elongation of the sigmoid 
mesentery. The peritoneum covering the enlarged bowel has lost its 
uster and often reveals scarred striae running parallel with the colon, 
causing it to appear as if it were in a fibrous bag. Lymphatic channels 
ma> he seen to run underneath this peritoneal covering and are often 
associated with increase in number and enlargement of lymph nodes. 

be submucosa and the mucosal layers arc likewise hypertrophied and 
mn ' associated with ulcerated areas. 
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solving the intestinal musculature imi c i„„,i 

rectosigmoid may also -ive vice in i • 1 growing eareinomas of the 

colon. ” Chr0mc **«io» and produce mega- 


PATHOLOGY 


obstructive ^lhgin fiTy^L^ar^IT °f nem '° genic ori S in > of 
° ’ 013 Similar - Hu'scl, sprung, in 1886, in describ- 



Fip. 1. — Drawing m title sit tin* time of operation showing nifp/icolnn due to 
Hirschsprung's disease. Note tlie portion of bowel imolvori and the absence of 
mechanical obstruction. 


ing the condition found in children, referred !o (he disease as a con- 
genital, high-grade dilatation of tiic colon with thickening of all tunics, 
especially the tunica musculnris, with retention of large quantities of 
fecal matter. Tiic congenital type differs from the acquired type in 
that the former type is present at birth, whereas the latter develops sub- 
sequently. In the congenital type of megacolon the left half of the colon 
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mesenteric ganglion; whereas, the motor nerve cells for the internal anal 
sphincter and the internal vesical sphincter are in the inferior mesenteric 
ganglion. 10 ' 11 ’ 15 The inhibitory nerves to the internal anal sphincter 
and to the internal vesical sphincter, according to Elliott, 10 - 11 travel 
through the pelvic nerve as a part of the sacral outflow. The motor 
nerves to the musculature of the large intestine, according to Bajliss an 
Starling, 5 - 0 and also according to Langley and Anderson, are likewise 
a part of the sacral outflow and travel through the pelvic neive. . Elliott 
has confirmed this by determining that injection of epinephrine does 
not cause contraction of any part of the large intestine, with the excep 
tion of the internal anal sphincter. Inhibition of the musculature of the 
large intestine is mediated through inhibitory nerves, the cells of which 
are in the inferior mesenteric ganglion; 10 stimulation of the lumbal 
splanchnic nerves, or of the hypogastric nerves, causes relaxation of the 
musculature of the colon. 

Learmonth and Markowitz 18 - 19 have shown that electric stimulation 
of the presacral nerve and of the inferior mesenteric nerve of the dog 
leads to dilatation of the colon and to contraction of the internal 
sphincter of the anus. They also demonstrated that section of these 
nerves increased the activity of the lower portion of the colon. 

To clarify further the anatomy involved, it probably would lie well 
to review the anatomic arrangement of the sympathetic fibeis which 
produce inhibition of the musculature of the lower portion of the colon 
and constriction of the internal sphincter of the anus. The post- 
ganglionic sympathetic fibers which carry these impulses originate in the 
intermesenteric plexuses. This network of nerves descends on the 
anterolateral aspect of the abdominal aorta, from the le\el of oiigin of 
the superior mesenteric artery downward. On each side there are tv o 
or three large trunks, which arise from: (1) the semilunar ganglion 
and the celiac plexus; (2) an anastomotic loop which crosses the aoita 
transversely, below the origin of the superior mesenteric arter\ ; and (3) 
the aorticorenal ganglion, or the renal periarterial plexuses. 

The intermesenteric plexus is joined on each side by branches from the 
first and second lumbar ganglia. The branches contain myelinated fibers; 
those on the right side pass between the vena cava and the aorta to 
reach the anterior side of the aorta. The fibers which form the inter- 
mesenteric plexuses are thus derived from two sources: their original 
fibers spring from that part of the abdominal sympathetic system which 
is connected with the thoracic splanchnic nerves; whereas, the branches 
which the plexus receives as it descends along the aorta spring from the 
lumbar ganglia or trunks. 

According to Elaul, 8 the triangular mass, the superior hypogastric 
plexus, receives a series of secondary connections from other regions: 
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SYMPTOMS 

The sj mptoms arising from Hirschspi’ung ’s disease may varj' from 
obstipation to complete obstruction. In the milder cases the results may 
be only abdominal distention and infrequent defecation; whereas, in the 
more exaggerated forms, marked abdominal distention with flaring of 
the ribs, respiratory and cardiac embarrassment, and toxic symptoms 
from retained feces, with absence of spontaneous defecation, may occur. 
The toxic symptoms result in general malaise, lack of appetite, emacia- 
tion, and irritability with a septic type of temperature. 


MEDICAL CARE 


In the milder cases, the condition often can be controlled by a medical 
regimen which consists of administration of mild cathartics, such as milk 
of magnesia, mineral oil by mouth and by retention enema, and the occa- 
sional use of glycerin suppositories. In the more severe cases, the diet 
may need to be changed from bulky foods to a diet containing nonresidue 
foods, with the substitution of broth and of preparations of milk and 
sugar to maintain the caloric value. Medication with such substances 
as acetylcholine, pituitrin, cscrinc (physostigminc), and drastic purga- 
tives are often used. The distended colon may require emptying by 
mechanical means after thorough dilatation of the external sphincter. 
If oil and soapsuds enemas arc ineffective, enemas containing hydrogen 
peroxide may become necessary to break down fecal impactions. Hos- 
pitalization is necessary to establish a routine, and it is only when 1he.se 
regulated measures, carried out at home, fail, that surgical intervention 
is considered. 

Diathermy when applied to the abdomen has produced an increase in 
peristaltic movement in evacuation of fecal content, but unfortunately, 
the effects are temporary and the results do not continue when diathermy 
is discontinued. 

Surgical procedures such as appcndicostomy, colostomy, enterostomy, 
and partial colectomy were formerly employed in severe cases; but since 
so many of these procedures failed to give relief and were attended with 
a surgical mortality of 26 per cent or more, the newer method of opera- 
tion on the sympathetic nerves of the pelvis has replaced the major 

operations. 


AX ATOMY A X» PHYSIOLOGY OK THE RECTUM AND BLADDER 

GaskelF has pointed out that there are three sphincter muscles which 
rmimte the different regions of the primitive intestine: (1) the 
oedic sphincter at the end of the small intestine; (2) the internal ana 

s- * - 

otornerv" cells for the ileocolic sphincter are situated in the super, or 
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first, from the inferior mesenteric plexus which lies within the pelvic 
mesocolon at its left; and second, from the last ganglion of the lumbar 
chain on each side. 

Anatomists have held different opinions concerning the extent to 
which the lumbar fibers mingle with those of the intermesenteric plexus 
pioper. According to Delmas, Laux, and others, the mcsially directed 
lumbar communicating branches, constituting the pelvic splanchnic 
nerves, remain distinct in the outer part of the plexus and ultimately 
form the lateral roots of the presacra] nerve of Latarjet (superior hypo- 
gastric plexus of Hovelacque). On the other hand, Hovelacquc held that 
these lumbar communicating branches actually contributed to the inter- 
mesenteric plexus. The point is one of great significance. If the former 
view were correct, lumbar ramisectomy and ganglionectomy would affect 
only that portion of the bowel that is innervated through the prcsneral 
nerve, the lower part of the rectum, and the internal sphincter of the 
anus; if the latter arrangement were true, it would affect, but only 
partly, the descending and sigmoid portions of the colon, as well as the 
rectum and the internal sphincter of the anus. 

Immediately below the level of origin of the inferior mesenteric artery, 
a large branch leaves the intermesenteric plexus of each side, and passes 
inward, on the aorta, to reach the inferior mesenteric artery about 1.5 
cm. from its origin. Finally, these two trunks unite and give rise 1o 
three or four branches which course along the lateral borders of the 
vessel, communicating at intervals with each other. From these nerves 
subsidiary trunks arise at levels of the main divisions of the artery. 
Soon, however, they abandon the vessels and anastomose with one an- 
other in avascular parts of the mesosigmoid. From this network the 
final nerves of distribution are derived; these slender filaments cross the 
juxtacolic vascular arcades and enter the wall of the bowel between the 
terminal branches of the vessels, and account for part of the innervation 
of the colon and internal sphincter; the remaining sympathetic innerva- 
tion is composed of fibers which continue downward into the pelvis from 
the intermesenteric plexus and from the lumbar trunks below the second 
lumbar ganglion, to make up the superior hypogastric plexus before en- 
tering the superior hypogastric ganglion where the sympathetic nerves 
mingle with parasympathetic fibers, and finally is distributed to the 
musculature of the lower part of the colon, sigmoid, and internal 
sphincter of the rectum. 

SUKGICAU CONSIDERATIONS 


In comparing the results in treating the various degrees of megacolon 
, the var ious types of sympathectomy, it becomes apparent that the 
/ q <i tc disease, the more complete the resection of sympii ■ 
„ ord ; r p ,.„cI„oc ll,o moult., desired. The oporto 

iononvadc “ removal ol the first ami second lumbar sanglin on the 
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the patient obtained one to two spontaneous daily bowel movements fol- 
lowing tlxe operation. It also encouraged us to employ the same pro- 
cedure for two female patients -who complained of obstinate constipation, 
attributable to an enlarged atonic colon, with equally good results. 

Therefore, it would appear that extensive sympathectomy which in- 
cludes the splanchnic nerves and first and second sympathetic ganglia 
on both sides is the operation of choice when megacolon is of neurogenic 
origin and involves the whole colon. The more limited operations may 
be employed when the disease is mild in degree and involves only the 
sigmoid and lower portion of the descending colon. 

Surgical Indications and Preoperative Preparation . — As previously 
stated, surgical intervention is not instituted in the mild cases of Hirsch- 
sprung’s disease in which medical treatment is adequate, but if it be- 



F >S. il. Exposure and resection of splanchnic nerves with a portion of the celiac 
ganglion and removal of the first and second lumbar ganglia. 


comes necessary for the patient to return to the hospital more than two 
or three times for emptying of the colon and the employment of a still 
more rigid regimen, sympathectomy is indicated. I have operated on a 
child aged five and a half months, but have observed 1 hat the operation 
!s nmrc easily accomplished i£ the child is one or more years of age. The 
administration of acetylcholine, which inhibits the activity of the sym- 
pathetic nervous system, has served as a preoperative test in selecting 
patients for sympathectomy. 

Before operation is indicated, hospitalization is required and thorough 
c\ aeiiation of the filled colon is necessary, lmt although this process may 
icqnirc a week or two, the general nutrition of the patient should not 
he neglected. The eolon may he emptied by the procedure employed in 
lollowing out medical care, and nutrition should bo maintained by 
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left, is sufficient in the moderately severe ease. Bilateral sympathetic 
ganglionectomy and trunk resection performed bj- Judd and the au- 
thor, 14 which includes removal of the second, third, and fourth lumbar 
ganglia with , the intervening trunk, has been found to be still more 
effective 1 in my experience than unilateral resection (Pig. 3). Resection 
of the inferior mesenteric nerves in conjunction with resection of the 
presacral nerve (Fig. 4), the operation of Rankin and Learmontli, 2 "- -» 
has been shown to be effective in the moderately advanced case, but has 
failed to give all that has been desired, as has bilateral lumbar trunk 
resection in the most advanced eases of Hirschsprung’s disease. 

This observation prompted me to increase the scope of the opera l ieu 
still further and it now includes resection of both lumbar trunks, in- 
cluding the second, third, and fourth lumbar ganglia, with wide resection 
of the superior hypogastric plexus, presacral nerve, situated on the 
promontory of the sacrum in the triangular space below the bifurcation 
of the abdominal aorta. This procedure is employed to include all of 
the sympathetic fibers from the lumbar chain, all of the intermesenteric 
fibers descending into the pelvis below the inferior mesenteric artery, 
and those fibers which rejoin the hypogastric plexus from the inferior 
mesenteric nerve in the mesocolon of the pelvis, thus leaving only a small 
group of fasciculi which have followed the inferior ‘mesenteric artery 
and its branches to the lower part of the colon and internal sphincter of 
the anus. 


Although this extensive lumbar, presacral, and inferior mesenteric 
sympathectomy is effective in relieving the symptoms of Hirschsprung's 
disease involving the sigmoid and descending colon, it has not been 
effective in relieving the symptoms when the ascending and right half 
of transverse colon have been involved, which suggests that inhibitory 
responses reach the ascending and transverse colon through nerves which 
accompany the superior mesenteric artery. 


This opinion was further substantiated by experiences obtained in 
resecting the splanchnic nerves and removing the first and second sym- 
pathetic lumbar ganglia and intervening trunk on both sides in the 
treatment of essential hypertension, since these patients occasionally 
complained of increased intestinal peristalsis following the completing 
of the operation on both sides. The increased peristalsis resulted in in- 
creased daily bowel movements. This frequency soon adjusted itself 
to one or two daily bowel movements, unless the patient ale generous 
helpings of fruit such as prunes,- figs, or raisins when diarrhea might fol- 
low This increased intestinal activity encouraged me to employ bi- 
lateral resection of the splanchnic nerves in conjunction w.thb. lateral 
..i nf the first and second lumbar ganglia m a ease of Hirscli- 
remo\i ^ whieh the entire colon of a youth aged nineteen years 

sprung Si ,s< j“ ,, The remits were extremely gratifying in that 

was involved u ">■ 
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forates the psoas muscle), the psoas muscle, the lumbar vertebrae, the 
lymph nodes, and the lumbar sympathetic ganglia, trunk, and rami com- 
municantes which lie on the lumbar vertebrae, just mesial to the psoas 
muscle. The ureter on the left side is more easily retracted mesially 
than laterally. With a moist sponge it is held gently, together with the 
colonic mesentery, 1 the upper end of the sigmoid, and the lower end of 
the descending colon, in position in the median line. The abdominal 
aorta is elevated and is retracted mesially by traction with a finger on 
the gauze sponge. This is held by an assistant. The sympathetic 
ganglia, trunks, and rami are then dissected free by a wet cotton ball 
dissector held in thumb forceps. It is well to begin at one or the other 
end of the lumbar sympathetic chain. On the left side, it is preferable 
to expose the fourth lumbar ganglion at the brim of the pelvis and to 
divide the sympathetic trunk below it. All of the rami, including those 
to the spinal nerves, the hypogastric plexuses, and the aortic plexuses, 
are then divided. The dissection is then carried upward to include the 
fourth, third, and second lumbar sympathetic ganglia. Undue traction 
should not be exerted on any of the tissues handled, especially on the 
mesentery leading to the sigmoid and other portion of the colon, so as 
10 av °id the possibility of rupture or thrombosis of arteries or branches 
ol arteries which supply the large bowel. 

The approach to the lumbar sympathetic ganglia on the right is simi- 
hir to that on the left, except that the peritoneal incision is made just 
lateral to the right lateral border of the abdominal vena cava and is 
carried downward over the right common iliac vein into the true pelvis, 
upward and mesially along the root of the mesentery of the small in- 
testine, partly across the vena cava for a distance of 15 cm. from the 
brim of the pelvis, and downward into t he pelvis for a distance of 5 to 7 
0,11 • The cecum, small intestine, and ureter are retracted outward and 
upward. The vena cava is retracted mesially, and the common iliac 
vein, downward and mesially. In the posterior wall of the peritoneum, 
just above the brim of the pelvis on the right side, several small veins 
may be encountered which can be divided and ligated. Further ex- 
posure, and removal of lumbar sympathetic ganglia and division of all 
of the rami and the sympathetic trunk are similar to the procedures em- 
ployed on the left side. However, the fourth lumbar sympathetic gan- 
glion on the right side usually lies underneath the int ravcrtebral vein 
■md not superficial to it, ns it does on the left side. 


Prcsacro! Resection With Removal of Second, Third, and Fourth hum- 
inn- Ganglia . — When this procedure is combined with bilateral lumbar 
■innk resection, the superior hypogastric plexus is readily exposed by ex- 
tending the lower end of the right peritoneal incision diagonally into the 
pehis across the promontory of the sacrum. If the surgeon chooses, the 
P exits can be equally ns well exposed through a midperitoneal incision 



868 


SURGERY 


means of a high calorie, nonresidue diet with the addition of vitaminized 
oils. Complete physical examination and laboratory tests are essential 
to determine if operation can be performed. It is not always wise to 
employ barium enemas to determine the size of the colon, for often a week 
or more is required to remove thoroughly all of the barium, which may 
delay the preoperative period. Roentgenograms made after inflation of 
the colon usually give the desired information. It is not wise to prolong 
preoperative preparation unduly for fear of impairing the general nutri- 
tion by eagerness to keep the colon empty on a nonresidue diet, since 
some patients object to taking sufficient food in the prescribed diet to 
maintain the proper intake of calories. 

Technic for Removal of Lnmhar Sympathetic Ganglia . — The patient 
is placed on the operating table in the laparotomy position. The most 
suitable anesthetic is ethylene and ether or spinal anesthesia supple- 
mented with ethylene. 


The incision 4 is made from the symphysis pubis to a point 5 to 7 cm. 
above the umbilicus, between the rectus abdominis muscles and to one 
side of the umbilicus. The sheath of the rectus muscle subsequently is 
opened on each side below the umbilicus and on the left side above the 
umbilicus, facilitating closure along anatomic lines. If the abdomen 
is extremely flaccid, it may be advisable to make an overlapping closure 
(C. II. Mayo type) in the external loaves of the fascia of the rectus 
abdominis muscle. Before the peritoneum is opened, the patient is 
lowered from the horizontal position to the Trendelenburg position, thus 
insuring better exposure of the lumbar sympathetic ganglia. Although 
general exploration may reveal other abdominal lesions, they are not 
disturbed at this time, since it is desired to avoid the additional risk 
of contamination. The intestines are packed upward, as they are when 
hysterectomy is performed. It is immaterial whether the ganglia are 
approached first on the right or on the left side. Usually, the ganglia 
of the right side are more difficult to approach because the intervertebral 
veins run across the sympathetic trunk. To elevate the inferior vena 
cava is more difficult than to elevate the abdominal aorta and the 
common iliac artery on the left. 


When exposing the left lumbar sympathetic chain, it is necessary to 
loosen and elevate the sigmoid and the lower portion of the descending 
colon This is done by incising the peritoneum superior and just lateral 
to the anterolateral border of the upper portion of the sigmoid and the 
attachment of the lower portion of the descending colon. When the lme 
of cleavage is once started, the large bowel can be elevated middy and 
Pc retracted with the posterior wall of the peritoneum, ixyond the 
can ? V c This exposes the ureter (as it courses over the bifurcation 
median lm . ; 11]C ]e ft common iliac artery and vein, the 

liver end of the abdominal aorta, the gcnitoerural nerve (which per- 
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structures, periosteum of the twelfth rib, intercostal vessels, and nerves, 
which affords a much better exposure of the splanchnic nerves and 
lumbar ganglia. A wide, illuminated retractor is then introduced into 
the wound at right angles to the spinal column. It is used to displace 
the liver forward, then downward, and at the same time to lift the 
capsule about the perinephric fat with its contents (the kidney and 
suprarenal gland) in a similar direction. Since the patient is placed on 
his side with elevation of the opposite loin witli the kidney rest, it is not 
difficult to displace these structures forward and downward, care always 
being taken to avoid sudden or jerking movements. The tissues are 
further protected by introduction of a salt laparotomy sponge, with the 
retractor placed on the sponge to assure against trauma to the underly- 
ing tissues. Gentle dissection with moist cotton-ball sponges reveals, 
first, the splanchnic trunk composed of major and minor and lesser 
splanchnic nerves, which are about 2 cm. in length. Dissection is carried 
mesially until the lateral border of the celiac ganglion is exposed. The 
resection includes a few millimeters of the ganglion with the splanchnic 
nerves. The first and second lumbar sympathetic ganglia are exposed in 
turn and are removed in conjunction with the intervening trunk in order 
to interrupt fibers that pass through the lower end of the thoracolum- 
bar sympathetic trunk. 

After hemostasis lias been thoroughly controlled, the liver and 
perinephric fat capsule are allowed to fall into place. 

The kidney rest is then lowered, the muscular fascial planes are ap- 
proximated with continuous and interrupted sutures of No. 1 chromic 
catgut. The subareolar tissue is approximated with continuous No. 1 
plain catgut. The skin is closed with a continuous locking stitch of 
dermal or silk sutures. No drainage is employed. 

The opposite splanchnic nerve and the first and second lumbar ganglia 
are resected in about ten days following the first operation. 

Postoperative Care . — At the conclusion of the operation, while the pa- 
t'enl is anesthetized, the rectum is thoroughly dilated. In the moderately 
severe cases, spontaneous defecation occurs on the following day and con- 
tinues daily. In the severe cases, soapsuds enemas, retention oil enemas, 
and mild cathartics may be required. Occasionally, acetylcholine and eser- 
mo (physostigmine) have been required during the first few days after op- 
eration. As convalescence continues, the abdominal distention subsides, 
with reduction in the size of the colon. In roentgen examination of these 
patients months after the operation, the peristaltic movements of the 
diseased colon are seen to increase in frequency and force, and again 
present the normal haustra. The colon probably never returns to normal 
size, but docs empty regularly once or twice a day. The splanchnic 
operation just described lias produced more active peristalsis than the 
other operations and actually has produced diarrhea during the first 
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extending downward from the bifurcation of the abdominal aorta into 
the pelvis over the sacral promontory for a distance of 5 cm. On elevat- 
ing the peritoneal flaps a triangular mass of nerve bundles and fibrous 
tissue is exposed between the peritoneum in front and the fifth lumbar 
vertebra and sacrum behind. This mass is known as the superior hypo- 
gastric plexus of Hovelacque and its constituents arc referred to as the 
presaeral nerves. These sympathetic nerves are a continuation of tiie 
intermesenteric plexus and the postganglionic fibers from the first and 
second lumbar ganglia. The hypogastric plexus (Elaut) also receives 
additional fibers from the lower end of the lumbar chains and from the 
inferior mesenteric nerves in the region of the pelvic mesocolon. Tins 
mass of nerve tissue is removed in one piece. The dissection is begun 
at the apex of the triangle which has its point at the bifurcation of the 
aorta. The nerve fibers are gently elevated from the aorta, common iliac 
arteries, and left iliac vein, are incised, and arc held by a forceps as a 
retractor. The dissection is directed downward into the pelvis for 5 cm. 
and laterally to the base of the triangular mass, which usually measures 
3 to 4 cm., when all communications are severed, freeing a triangular 
mass composed of individual nerves, groups of nerves, and dense fibrous 
bands. The coccygeal artery in the median line usually needs to bo in- 
cluded to effect complete removal of the superior hypogastric plexus. 
The peritoneal incisions arc closed with a running continuous suture of 
catgut. 

Splanchnic Resection With Removal of the First and Second Lumbar 
Ganglia. — The incision 3 employed and the position of the patient on the 
operating table for extensive sympathectomy are similar to those employed 
for exploration of the kidney, except that the incision is made to follow 
anatomic lines. The line of the incision is similar to that of a hockey 
stick, with the staff portion placed just lateral to the rectus spinous 
muscles and the club portion extending obliquely downward and for- 
ward over Petit’s triangle just above the crest of the ilium. At the 


upper portion of the wound, after t he skin and subareolar tissue have 
been incised, the oblitpie fibers of the latissimus dorsi muscle are incised, 
thus exposing the twelfth rib. As the incision is extended downward 
aloim the course of the skin incision, the common aponeurosis of the 
external and internal oblique muscles, and of the transversal is muscle 
where it fuses with the lateral reflection of the lumbar fascia, is incised 
until the fusion extends into Petit’s triangle, exposing the capsule sur- 


rounding the perinephric fat. 

The next step in the operation consists of performing subperiosteal 
resection of the twelfth rib, care being taken not to injure the pleura; 

r ^ ^ :;r 
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on for atonic dilated colon. One patient with Hirschsprung’s disease 
and two with atonic dilated colons underwent extensive splanchnic 
and lumbar resection. The rest underwent one of the limited sym- 
pathectomies.' The ages of the patients with Hirschsprung’s dis- 
ease at the time of the operation varied from five and a half months 
to nineteen years. Only two patients were nineteen years of age. 
Three patients were eight years of age, and the remainder were 



l'jp " o 

*■ oanie patient as shown In Ftp. 6, four months after bilateral lumbar 

sympathectomy. 

Slx • vonvs of age or younger, Iwo being less than one year of age. In the 
i otmger group the disease involved only a limited portion of the colon, 
with (ho exception of one patient (<!. V.) whose entire colon was in- 
'olvcd. The combined operation of bilateral lumbar sympathectomy . 
"ith removal of the second, third, and fourth lumbar ganglia and re- 
section of the presncral nerves, failed to give relief in this ease. Conse- 
quently, this patient was subjected to colectomy, from which he obtained 
a -N'd'sfaclory result. The children whose descending colon and sigmoid 
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te n days after operation, which makes me believe that it is more effective 
and is indicated in the severe types of Hirschsprung’s disease. The hos- 
pital diet is similar to that given to children with similar laparotomy 
wounds. The average stay in hospital is twenty-eight days, ten of which 
are spent in bed. On dismissal the patient or the parents are instructed 
gradually to discontinue the use of cathartics, soapsuds enemas, and 
finally the oil retention enemas as the patient establishes a regular habit 



by oioUfxla 


f defecation in the morning and evening, in less severe eases cathartics 
nd enemas are discontinued immediately; whereas, in advanced cases 
,-om six weeks to six months may he required before daily spontaneous 

iefecation takes place. 
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plain death other than that the patient was subject to asthmatic attacks 
which we attempted to control by the administration of epinephrine. A 
case has been reported in which the patient died thiee years after an 
operation which had been followed by excellent results. Death occune 
suddenly without explanation; unfortunately, a neciopsy was not o 
tained. 

There were eight cases of megacolon of the atonic type, in six of v 'hich 
the patients were submitted to the limited operation which include 
either bilateral removal of the lower lumbar sympathetic ganglia or 
resection of the inferior mesenteric nerves and of the presacral nerves, 
or a combination of two or all three of these operations. The results 
were unsatisfactory. There were no cures in this gioup, but in all in 
stances the need for extensive purgation was reduced so that milder 
cathartics and enemas ivould initiate evacuation of the bowel. Two 
patients were submitted to extensive sympathectomy which included 
bilateral resection of the splanchnic nerves combined with removal 
of the first and second lumbar ganglia. The postoperative results 
in both of these cases were excellent, and they have continued to be 
so to date (a period of nine months). This postoperative period, 
however, is too short to draw 7 final conclusions. There were no deaths in 
this group of eight cases. 

Sequelae . — No immediate untow'ard results w r ere observed following 
the lumbar, intermesenteric, or presacral sympathectomies. Vasodilata- 
tion followed in the arterioles of the skin covering the feet, legs and 
other organs robbed of their sympathetic nerve supply, since the 
vasomotor fibers are intermingled with the sympathetic motor fibers 
and naturally are included wdien the latter are resected. There is a loss 
of the sweating function over the same area. In women, the sexual 
organs were not disturbed by sympathetic resection, since I have ob- 
served the postoperative effects of resection of presacral nerves in many 
adult females. Extirpation of the presacral nerve in men does paralyze 
the mechanism of ejaculation of seminal and prostatic fluid, but does not 
disturb the libido and potentia. Resection of the presacral nerve does 
weaken the urinary filling mechanism by decreasing the inhibitory stim- 
uli to the muscles of the bladder and the contracting stimuli of the in- 
ternal vesical sphincter, but does not produce urinary frequency . T he 
presacral operation has been employed for the treatment of cord bladdei. 
The sequelae of splanchnic resection and removal of upper sympathetic 
ganglia are similar to the effects obtained by combined bilateral lower 
lumbar and presacral sympathectomy, wfitli the exception that the 
vasodilating effects produce increased skin temperatures over a huger 
area from a level midway between the umbilicus and the symphysis 
downward over the lower part of the abdomen, including the thighs, 
legs, and feet. There is loss of the sweating function over the same 
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were involved obtained excellent results; whereas, those whose disease 
had extended to include the left half of the transverse colon obtained 
results from good to fair. 


In one case in this group a very limited operation was performed. 
The patient (H. J.) had involvement of the sigmoid, descending colon 
and left half of the transverse colon. The operation performed was a left 
sympathetic lumbar ganglionectomy, the operation of Wade. Immedi- 
ately following this limited operation the results were satisfactory, but, 
as time progressed, the patient’s symptoms returned and on reexamina- 
tion I learned that the disease had extended to involve the cnlire colon. 
The original operation was performed ten years ago, and in light of the 
results obtained by bilateral resection of the splanchnic nerves, with in- 
clusion of the upper two lumbar ganglia, it would appear that we are 
justified in operating again on this child, who is now eleven years of age. 


The two patients who were nineteen years of age had involvement of 
the entire colon. One was submitted to bilateral lumbar sympathectomy 
combined with resection of the presacral nerves, and the results obtained 
were only moderately effective. The other was submitted to extensive 
splanchnic and upper lumbar sympathectomy. The results to date in 
this case are very satisfactory and much more effective than those ob- 
tained in the case of the patient who was .submilled to the limited opera- 
tion which included the lower lumbar and presacral nerves. When I 
refer to an excellent result, I mean to imply that the patient is able 
to have spontaneous bowel movements without assistance from cathartics 
or enemas. A good result implies regular bowel movements with the 
occasional aid of a mild cathartic, and a fair result implies that the 
bowel movements are obtained only by daily enemas and mild cathartics. 

In most instances the toxic symptoms were relieved. The patient ’s ap- 
petite improved and his languor disappeared. In the less serious eases 
the distention was relieved and the pot like belly receded, but in those 
eases in which the entire colon was involved, patients still presented a 
full belly and peristaltic waves could he detected when the colon became 
filled with gas- (Figs. 6 and 7). These peristaltic waves wore usually 
more active following operation, and postoperative roentgenograms 


demonstrated definite hnuslra, while, preopcrafively, the roentgenograms 
presented the characteristic sad ike colon. Although the various sym- 
pathectomies relieve the symptoms, it is unreasonable to expect flic thick- 
ened wall of the bowel to resume its normal texture, and consc. ( iicntIy 
most of these patients have a fuller abdomen than normal individuals- 
Two patients with Hirschsprung's disease died post operatively. One 
,. 1 meriting table as a result of postural influence, since these 

dice on • ‘ } Trendelenburg position. The other died 

- - - ~ 
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area of skin. The potentia and libido are not disturbed in either sex. 
If there is any change they are both increased, but the ejaculatory 
pon ers of the male are lost. This loss of ejaculatory power of pro- 
static and seminal fluid invariably sterilizes the male, a sequela that 
adult males should be informed of and which the parents of young 
males should likewise know. 


SUMMARY 

In comparing the results reported in literature obtained by operations 
on the colon with those obtained by operat ions on the sympathetic nerves, 
I am convinced that the results of the latter procedures are superior to 
those formerly obtained by operation on the colon. The mortality is 
definitely less, and the period of hospitalization is shortened by months. 

In selecting suitable cases for operation, typical cases of Hirsch- 
sprung’s disease should be chosen, in which the response to medical 
treatment is inadequate. Operation should be performed early in the 
course of the disease. 

On selecting the type of sympathectomy, the degree of the disease 
should definitely be evaluated and a procedure planned to include 
sufficient sympathetic fibers to balance the neuromuscular mechanism of 
filling and emptying of the colon. 
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Surgical Society and the Philadelphia Academy of Surgery who was 
successfully handled by a jejnnostomy for nine months, folios 
a posterior gastrojejunostomy. 

At the Children’s Hospital in Boston, since 1932, there have been an 
additional twenty-eight cases of congenital duodenal obstructs . 
There have undoubtedly been other eases, reported or unreported, but 
these forty-two cases in five years are sufficient to show that . 
subject is receiving much more attention than it v as ten jeai^ » 
and that the efforts made in treatment are meeting wi giea 
success. 

EMBRYOLOGY 

The various theories for these anomalies have been discussed m pre- 
vious papers; suffice it to comment that the intiinsic oistiuc 101 • 
probably due to an arrest in development during the transition wine 
■ the bowel goes through from a solid cord to a boll on tu e, an 
this arrest takes place prior to the twelfth -week of uta in - 

extrinsic obstructions are likewise due to arrest in de^e opmen 
normal return of the midgut from the umbilical cold an 
mal rotation. 

SYMPTOMS AND SIGNS 

The one symptom which is constantly present in these patients v . 
congenital obstruction of the duodenum, regardless of the type, is 
vomiting. It is worth while to emphasize that vomiting in the newborn 
in the absence of cerebral injury or infection should su a c es ma 
mation in the alimentary tract. In the cases of atresia, the vomiting 
•starts soon after birth or after the first feeding and contains the food 
ingested plus, in most instances, bile. In the cases of inti insie s ten os s, 
the vomiting may not occur until considerably latei and may c m ei 
mittent in character. In cases of extrinsic obstruction due to faulty 
rotation, the vomiting mav start soon after biith oi may not occm 
for several weeks; and it is quite likely to occur in spells In the 
intrinsic atresia cases, the physical examination ma\ ie\tn a lstem or 
epigastrium with visible peristalsis or, if the infant lie examinee ■’oon 
after he has vomited, the physical examination may be most striking 
by the absence of abnormal findings. In the inti insie, duodena 
stenosis, one may occasionally see the peristalsis of the duodenum 
running obliquely downward from right to left. In both the inti insic 
atresias and stenosis, one is sometimes struck by the prominence of 
the epigastrium and the sunken appearance* of the liy pog.isti inm. In 
the extrinsic obstructions due to arrested rotation or elite to undent 
volvulus, the symptoms may start soon alter birtb or not appeal foi 
months or even years. In no instance in our series hu\e the cbilelien 



CONGENITAL DUODENAL OBSTRUCTION 
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IN 1932, I published a paper on “Congenital Obstruction of the 
Duodenum in Children,” 1 reporting ten eases, with seven cases 
successfully operated on. At that time in rather an exhaustive review 
of the literature, I found numerous eases reported, the first one being 
cited by Calder in 1752. Most of these articles were reports of autopsy 
findings. It was not until 1916 that Ernst 2 reported a recovery fol- 
lowing an anterior duodenoenteroanastomosis in an eleven-day-old 
patient with duodenal atresia. Bolling, R, W., 3 reported a successful 
result from the operation of duodenojejunostomy in a nine-day-old 
infant, and Jewesbury and Page, 4 and Rixford-' 1 reported two cases 
of extrinsic duodenal obstruction successfully treated. Webb and 
Wangensteen 8 also collected from the literature six cases successfully 
treated. Gastroenterostomy was the operation used in this group, but 
this operation had to be supplemented in one instance by a duodeno- 
jejunostomy. Prior to 1932, a moderately careful review of the litera- 
ture revealed only ten cases of congenital duodenal obstruction that 
had been successfully operated upon. It seemed at that time that 
these cases should be more frequently recognized and more often 
treated successfully, and such has indeed proved to be true. Morton 
and Jones, 7 in an article devoted to high obstruction in infants, report 
two cases of intrinsic duodenal obstruction, one of which was relieved 
by gastroenterostomy only to die twenty months later of pneumonia. 
The other was relieved by an operation which appears most logical, 


namely, making a longitudinal incision in the duodenum over the 
point of obstruction, destroying the septum by elect rocaut erv, and 
suturing the incision transversely. They also report six eases of ex- 
trinsic duodenal obstruction relieved by the same type of operation 


described by me in 1932. They include three other eases, two of whirl, 
were successfully operated upon, in which the obstruction was lower 
in the intestinal tract and are therefore not considered in the scope 
of this paper. Donovan 8 has reported live eases of intrinsic obstruc- 
tion relieved by anterior duodenojejunostomy, and Waiter E. Lee 
recently showed a patient at the combined meeting of the Boston 


Hecctveil for 


publication, Mnrcb J. 1937. 
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tion was caused only by abnormal attachments of the colon or peri- 
toneal folds, the symptoms were milder than in those patients in whom 
a midgut volvulus had taken place. In the latter situation, the midgut 
has gone through a twist of 360° or more, which not only almost com- 



*incc liiri'i, ^ A thri’o-wo.'k-uM infant with IntvrmUO-nt bilious \<unltinc 

— ollntru ihiotlfnum with bnrlmn retention. Dlnqno*?i.«, duodennl ob- 

to mrurotnllon of colon nn<l mblRtit volvulus. 


atniction il’w* 


plclcly obstructs the duodenum but also interferes with the circulation 
of the whole midgut, making an acute situation that demands quick 
t'liof. It it. interesting to note that in our series when the midgut 
'ok ulus !m s been present, tiie rotation has taken place, in all but two 
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developed normoDj- even though they may have been without svmn 
touts suggesting partial obst, potion. In the majority of 1 7 i 

mg s arted soon after birth and pointed with rcmLioiis^ffl™; 
tune as it beeame apparent that the infant was failing to progress or 



Pip, 1. — (No. 209112) A four-day-old infant with bilious voinitlnjr since birth. 
Kote how clearly outiinoil the dilated duodenum without tlm tt^e of contrast m*'dla. 
Note also small nmount of air in lower Intestine. lYenperatlvc dfarnosK intrinsic 
stenosis; postoperative dlapnosK the same. 

had become acutely and almost completely obstructed, the variation 
in the course of the child’s progress apparently beimr dependent »n 
the actual abnormality found. In those patients in whom tlw obstrm- 
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might cause obstruction either in the colon or jejunum or both. Retro- 
colic or posterior duodenojejunostomy has been successfully used six 
times in our clinic and this operation lias been successfully used bj r 
others. If successful it should provide more adequate drainage for the 
duodenum and less chance of later obstruction. The drawbacks to this 
operation are the technical difficulties of its performance. The lack of 
mobility of the duodenum and the extreme thinness of its wall make 
an anastomosis in this situation quite difficult. I have recently lost a 
patient on whom I performed a duodenojejunostomy at the age of five 
days for intrinsic duodenal stenosis. This infant progressed extremely 
favorably up to the eighth day then developed peritonitis from which 
he died. Prom the postmortem examination it was felt that the peri- 
tonitis developed from the anastomosis although no gross leakage was 
evident. The duodenal wall was extremely thin, and it seemed quite 
possible that infection might have taken place about some of the 
stitches. Prom reports of postmortem examinations there appears to 
be a moderate amount of uniformity in the thickness of the velum 
causing these obstructions, and in its situation, between the second 
a»d third portions of the duodenum. It would seem that the operation 
mentioned earlier in this paper as reported by Morton, namely, destruc- 
tion of the velum causing the obstruction and a plastic on the duo- 
denum to enlarge the lumen, would restore much more normal condi- 
tions than any of the other operations so far used. The only possible 
disadvantage to this operation is the difficulty of approach. 

•Tejunostomy for feeding has been tried once in our clinic years ago, 
and it was unsuccessful. It would have no merit in a case with com- 
plete obstruction, and it has obvious disadvantages in any case. How- 
ever, ni view of the one successful case shown by Lee, it should not 
be entirely condemned. In our clinic, the operation of posterior duo- 
denojejunostomy has been the most successful of the operations we 
lane tried both as to immediate and late results. (Table I.) 


Table I 


Ot'KiiATivi; Treatment oe Intrinsic Obstruction or Hcohentm 


nl’EllATHlN 

Iluoilcnojcjimostomy 
I’o.-terior gastrncntcroMomv 
•U'jnnn -t (uny (for foeiling)' 
Tiitiil 


*On«* of the*. 

>»‘<-iirr»nr,. of sy 


'■ pilli-nt- 
Ml plot l)!*. 


hrt<J hrul 


j No. TASKS 

| 1 : El IIVKEIKK j 

m: at ns 

m 

li* 

-1 

: 

1 

I 

. 1 __ i 

0 

1 

k; 

7 1 

a 


posterior pastropnU'rostomy with Mibswjih-nt 


The treat 
the normal 


meat of congenital duodenal obstruction due to arrest in 
rotation of tbe colon, whether or not complicated by mid- 
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instances, in a clockwise direction and that pressure takes place first 
on the duodenum, obstructing that portion of the intestine and pre- 
venting general abdominal or intestinal distention. In both the in- 
trinsic and extrinsic type of obstruction, the x-ray is of great aid in 
confirming or refining the diagnosis. (Figs. 1 and 2.) On infants 
under a week of age, it is our practice to first take an x-ray plate 
without the administration of barium. This will frequently give all 
the information that is required. "When the flat plate shows some air 
distributed through the intestine or when there is obviously not a 
complete obstruction, it may be desirable to give barium by mouth 
and watch its progress by x-ray examination. If there still is doubt 
as to the type of obstruction, a barium enema may make the diagnosis 
definite. 


The relief of patients with the- intrinsic type of obstruction of the 
duodenum has been undertaken in several different ways, and quite 
different methods have met with success. Posterior gastrojejunostomy 
has perhaps been the operation most frequently used and is without 
question easier to perform than some of the others. This operation lias 
definite disadvantages that were very striking in one of our series. 
A female infant with intrinsic type of stenosis had a posterior gastro- 
enterostomy performed at the age of six days. The progress was quite 
satisfactory up to the fifth month of life. At that time the child re- 
fused to eat. and lost weight. She was placed under excellent pediatric 
care for two months without improvement. X-ray examination showed 
that the stoma between the stomach and jejunum functioned very well 
and that the stomach emptied satisfactorily, but on fluoroscopic ex- 
amination some of the barium was seen to pass through the pylorus 
into the duodenum, meet the obstruction, and return by the same 
route. Examination of the stomach contents showed absence of acid. 
At the seventh month of life, a posterior duodenojejunostomy was done 
which was followed by relief and return of normal appetite and devel- 


opment. Webb and Wangensteen have reported a similar experience. 
Although gastrojejunostomy has met with some success in this series 
and in other reports, it is not a logical operation for relief of duodenal 
obstruction. This operation is. theoretically, particularly unsound in 
the cases of atresia of the duodenum, since in this situation the bile 
must "O back into the stomach, neutralizing the acidity and rim smu 
anorexia. Anteeolic duodenojejunostomy has been performed success- 
fullv bv Donovan in five eases. While this operation does not have 
the drawback of a posterior gastrojejunostomy, it would seem that rf 
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tion have been successful in other clinics. . Of these, the one that seems 
most logical is the plastic operation on the duodenum described by 
Morton. 

For the extrinsic type of duodenal obstruction it seems clear that 
the transposing operation described in this paper and in earlier com- 
munications is the operation of choice. Reduction of volvulus aloue 
is not sufficient to permanently relieve the obstruction of the duodenum 
due to malrotation of the midgut. 
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gut volvulus, lias become quite well standardized at this hospital and 
with gratifying results. Prior to adopting our present type of pro- 
cedure, we had attempted to relieve these patients in various ways but 
with no success. The present procedure consists in making a right 
paramedian or right rectus incision of adequate length, next deliver- 
ing the whole midgut and unrotating the volvulus if there is one 
present. In one or two instances this procedure alone appeared to 
relieve the obstruction at the time of operation but later proved to 
be insufficient. The next step in the operation consists in mobilizing 
the cecum, ascending colon, and proximal half of the transverse colon 
from right to left until such time as the duodenum is completely 
visible. If at this time there are any extra folds of peritoneum or 
bands which impinge on the duodenum and constrict it, they are 
severed, care being taken, of course, not to injure the superior mes- 
enteric artery. Since adopting this type of operation, there have been 
twenty-three patients operated upon. Nineteen of these have recovered 
and have been followed for varying lengths of time from a few weeks 
up to several years. They have developed normally and without return 
of abdominal symptoms. Of the four who died, one died of pneumonia 
three weeks after operation, and one patient, six days old, who had 
an exfoliating skin lesion, died two days later. At the time of death 
the skin lesion had become much worse and a diagnosis of pemphigus 
neonatorum was considered. The other two patients died within two 
days of operation and might be considered as immediate operative 
deaths. (Table II.) 


Tam.e II 


Operative Treatment or Extrinsic Onsrnn-nos or r>eom:.vrM 


Orr.KATfON 

NO. TASKS 

KKCOVKKIKK 


Anterior gastroenterostomy 

i 

0 


Anterior duodenojejunostomy 

\ 

0 


Reduction of volvulus 

I 

0 


Ladd's operation 
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__ 

Total 


1 tf> 1 
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! 

1 
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; Two ot thcse patients lmd hat! previous reduction of volvulus with recurrence of 
symptoms. 


CONCLUSIONS 


It seems fair to conclude tiiat if the obstetrician and the pediatrician 
will rcmird vomiting of the newborn infant as a signpost demanding 
investigation of the alimentary tract, many infants may he given a 
i Vfor life which was formerly denied them. Postermr duodeim- 

C ia ’ K stornv is the operation which has proved most mu sin! m m.r 

tlnotlciTnl obstruction. OU,„ t.v,, * 
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The groups of coils developing from these six primary coils can be 
recognized roentgenographieally when the intestine is filled with an 
opaque medium, such as a water suspension of barium sulphate, or 
after moderate distention with air which usually occurs when the 
intestine is obstructed. The first coil forms the duodenum. The 
second, third, fourth, fifth, and sixth groups of the coils are the 
mesenteric small intestine. 

Duodenum . — We consider that the duodenum begins at the first 
crescentic or annular fold distal to the pyloric valve and extends to the 
duodenojejunal flexure. L. G. Cole has frequently called attention to 
the fact that the short segment of intestine between the pyloric valve 
and the first valvula connivens should be considered as part of the 
stomach or as a separate part of the intestinal tract and not as part 
°f the duodenum. He gave the name of cap to this segment. It is 
developed from the foregut as is the stomach, while the duodenum 
and mesenteric small intestine are developed from the midgut. 

The duodenum is relatively fixed in position in the form of a loop, 
the opening of the loop facing to the left and superiorly. The con- 
cavity of the loop encircles the head of the pancreas and usually cor- 
responds in size to the head of the pancreas. There are several nor- 
mal shapes of the loop of the duodenum. The duodenum may be 
shaped like the capital letters C, V, and U or may be almost rectangu- 
lar, depending upon the relative position and angulation of the supe- 
rior, descending, and inferior parts. Due to its relative fixation in a 
retroperitoneal position, the general form of the loop of the duodenum 
remains unchanged and is readily recognizable even when markedly 
distended with air or fluid. 

Duodenojejunal Flexure . — This is, as a rule, the highest fixed point 
of the small intestine. The inferior duodenum usually ascends to the 
flexure. The flexure is suspended by the fibromuseular ligament of 
1'reitz which passes down behind the pancreas from the lumbar part of 
the diaphragm. The intestine is only occasionally held to a point at. 
the duodenojejunal flexure. Usually the intestine makes a moderate 
curve on itself, and less commonly the curve is very wide. The curve 
at the flexure is usually from posterior to anterior, and in many in- 
dividuals the angle of the curve can be appreciated only when it is 
viewed in the oblique or lateral direction. Occasionally the intestine 
a short distance distal to the flexure is caught up at a second point 
of fixation, forming a short loop of intestine. 

Mesrnfcric Small Intestine . — The mesenteric small intestine is com- 
posed of the second, third, fourth, fifth, and sixth groups of coils of 
the small intestine. The second group of coils is formed bv the in- 
testine as it leaves the duodenojejunal flexure, and the coils lie in the 
left hypochondriac region. At the distal cud of this group, the in- 
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F'\ ETERMINING the level in the small intestine at which a patho- 
logic process exists is facilitated by the fairly constant anatomic 
situation and grouping of the small intestine and the characteristic 
appearance of its various major divisions. The differentiation of the 
duodenum and jejunum above and the ileum below is easily made by 
the presence, of numerous high mucosal folds in the duodenum and 
jejunum, inasmuch as these characteristic folds are not obliterated 
even by marked distention of the intestine. It is possible to make 
five differentiations in the jejunum and ileum because of the charac- 
teristic grouping and situation of their coils in the abdomen. 

The arrangement oi the small intestine into six primary groups of 
coils is recognized in both the embryo and the adult. C. M. Jackson 
in his section on the digestive system in Morris ’ Anatomy , eighth edi- 
tion, states : 


"Even in an embryo of IS mm., while the intestine is still in the 
umbilical eelom. Mall described six primary coils of the small intestine 
which could still he recognized after the return of the intestines to 
the general body cavity, and could usually he identified even in the 
adult (Fig. flI2). In the adult, as also through the various stages of 
development, loop one forms the duodenum. From the primary groups 
of coils marked 2 and 3 are developed the greater part of the jejunum, 


arranged in two distinct groups of loops, situated in t ho left hypo- 
chondriac region. The part of the intestine developed from group •! 
of the primary coils passes across the umbilical region to the right 
upper part of the abdomen. That part developed from group .1 of 
the primary coils m-rosses the median line to the left iliac fossa, while 
that part derived from group C of the primary coils is formed in the 
false pelvis ami the lower part of the abdominal cavity between the 

psoas muscles. They present what may be regarded as 

arran"emcnt of the small intestine, having been found M times in I! 
cadavers examined. Variations from this arrangement »rc„r; ,lw 
creat majority of such variations are. however. „,.t of -"Ihcc,! 


porta, we to require special mention.” 

tor ptil'tloatton. IS. 1MT 
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the terminal loop ascending from the pelvis into the right iliac fossa 
to enter the left side of the cecum. The situation of the fourth and 
fifth groups of coils as observed roentgenographically is somewhat 
at variance with the description given above by Jackson. 

Distinct visualization of the fourth, fifth, and sixth groups largely 
depends upon the build of the individual. In hypersthenic individuals 
most of the loops are out of the pelvis, the liver is high, and the loops 
can be individually recognized. In asthenic types of individuals the 



* 'JJno-half hour after the barium meal, showing barium in the stomach ami 

tuc* first five groups of coils. Figs. 2, 3, an«l -1 show the same case. 

h’ver is relatively low in position and the loops of the lower groups 
°f coils may be so massed together in the lower part of the abdomen 
*hat it is impossible to recognize their outlines. Upward displacement 
(, f tiie intestines by n filled nrinarv bladder also tends to mass the 
loops together. 

1 here is also a characteristic arrangement of the intestinal loops 
‘thill the groups of coils. In the second and third groups of coils the 
nulividttal loops lie transversely in the abdomen, and in the fourth, 
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j?l s , j, — One hour after a barium meal, m.'iklnc \ Mbit* the 

stomach. /in»l miim. 


primps nf rnJhi, 


various loops of tlie second and third groups are quite discrete. Only 
when they are confined within a relatively small area are they massed 
together so that the individual loops eannot he recognized. 

The fourth group of coils is usually observed in the umhiliea! and 
upper hypogastric regions hut may extend into the right, hyjiochon- 
dritnn. The fifth group of coils is usually found in the right Jtimhar 
region extending down into the right iliac region. The sixth group 
of coils is usually located in the lower hypogastric region and pelvis. 
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the terminal loop ascending from the pelvis into the right iliac fossa 
to enter the left side of the cecum. The situation of the fourth and 
fifth groups of coils as observed roentgenographieally is somewhat 
at variance with the description given above by Jackson. 

Distinct visualization of the fourth, fifth, and sixth groups largely 
depends upon the build of the individual. In hypersthenic individuals 
most of the loops are out of the pelvis, the liver is high, and the loops 
can be individually recognized. In asthenic types of individuals the 



f) p. _ 

*** une-half hour after the barium meal, showing barium in the stomach and 
the first five groups of coils. Figs. 2, 3, and 4 show the same case. 

li'er is relatively low in position and the loops of the lower groups 
°f coils may be so massed together in the lower part of the abdomen 
d'at it is impossible to recognize their outlines. Upward displacement 
°f the intestines by a filled urinary bladder also tends to mass the 
loops together. 

There is also a characteristic arrangement of the intestinal loops 
'"Ihni the groups of coils. In the second and third groups of coils the 
individual loops lie transversely in the abdomen, and in the fourth, 
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fifth, and sixth groups the individual loops lie vertically. Between 
each group of coils a relatively longer loop of small intestine extends 
back to the root of the mesentery. This formation is most character- 
istically seen between the second and third groups of coils. 

Displacement of the first and second groups of coils into the rWit 
hypoehondrium and lumbar region is the rule in association with In- 
complete rotation of the colon. Barely it occurs as an isolated abnor- 
mality. In both instances, the duodenojejunal flexure may be displaced 



Fi£. 3. — One anti one-half hours after meal. The he.ul *»f the me.il (* ,«t the Mphnir 
flexure. The distended bladder displaces the fourth and sixth khuijh upxwitd. 


out of its usual position. Another unusual anomaly is to have the 
upper loops of the mesenteric small intestine festooned across the 
upper abdomen. 

Motor Phenomenon of Small Intestine . — Food or other substances in 
the small intestine are propelled through the -rut by peristaltic eon- 
tractions which may develop at any level and pr-mr.-s aoalwanl. The 
ln0 st proximal wave begins in (lie middle »f the -ap, partially -aipfj. 

• ' lll0 ( . aI ,, and progresses through the du-.-i-, ...... t» varying levels 

mesenteric small intestine. The first Indus of l.ar.um -vacated 
from the cap may he carried as far as the fourth group of cods before 
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the peristaltic contraction disappears. Under normal conditions the 
rate of progress of the peristaltic contraction is more rapid in the 
upper part of the small intestine. In the duodenum and second, third, 
and fourth groups of coils it progresses at the rate of two to four 
centimeters per second. In the lower part of the small intestine the 
wave of peristalsis moves much slower, usually less than one centi- 
meter per second. Under normal conditions of irritability the longi- 
tudinal length of a peristaltic contraction wave is approximately one 
centimeter. With abnormal irritability, the longitudinal length of the 
peristaltic wave is increased as is also its rate of progress. • 



1 'I-- — Two and one-half hours after meal. Bladder empty, allowing- the coils to 

drop down. 

Progressive peristaltic contractions are frequently preceded by sta- 
tionary tonic contraction rings. As a tonic contraction becomes a pro- 
gressive peristaltic contraction, there may be many abortive attempts 
fit progression. During fluoroscopic examination of the small intestine 
M’e have never observed to-and-fro movements of the barium. The 
nearest approach to this phenomenon lias been 1 he change in the 
barium shadow produced by these abortive attempts at progression in 
tonic contraction rings situated fairly close together in the intestinal 
muscle. 
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Caliber of the Lumen of the Small Intestine.— In the living subject 
the intestine is normally in a state of tonie contraction; it is con- 
tracted on itself or its contents. For this reason the caliber of the 
lumen of any section of the small intestine will depend upon the degree 
of filling or distention. Certain normal variations in the rapidity of 
emptying of the stomach and the rapidity of passage of the meal 
through the small intestine will, therefore, modify the distribution of 
the meal and the pattern of the intestine. Rapid uniform emptying 
of the stomach will give a large caliber to the intestine throughout 



to the rljflit of Its normal position. 

... „.. t ; re } cn «th in which the meal is present. With slow or moder- 
pmntvin" of the stomach, the caliber of the lumen of the 
at f V ) bn} 1 will be small or moderate if the passage of the meal through 
J " ( 1 LnTimcc with the emptying of the stomach. If (hr 

the in cs in ' through the intestine is more rapid than the ni- 

passnge of he meal ^ h , nfn „ r wi „ be small. lm, 

trance of the mea i " to ^ rim di. 

irregular. 
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Pattern Produced /by Obstruction of Small Intestine , — Tlie root of 
the mesentery of the small intestine runs obliquely downward from the 
region of the left upper quadrant and across the midline to the right 
lower quadrant, a distance of six to eight inches, and is attached to 
the posterior abdominal wall. The anterior border of the mesentery 
is attached to the small intestine and is necessarily as long as the gut, 
about twenty-two feet. Due to the great length of the small intestine 



Cronne % — Pattern produced by marked distention of the second, third, and fourth 
tion iu 0t co >is due to obstruction in the upper ileum. In spite of the marked disten- 
* me markings of the primary mucosal folds are retained. 


and the limiting space of the abdominal cavity, the mesentery is ar- 
ranged in a folded or frilled fan-shaped manner; the small intestine 
dself i s i u a collapsed or slightly distended state and arranged in 
"roups of coils as described above. The second and third groups of 
coils of the small intestine lie usually to the left of t lie root of the 
mesentery; the fourth group lies on both sides; the fifth lies to the 
ri ?ht, and the sixth to the left with some overlapping to the right. 
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The individual coils in the groups are produced by the varying length 
of the mesenteric attachment, the ends of the coils having °a short 
mesentery and the looping portion having a progressively longer at- 
tachment. These coils normally fold on themselves to form short 
loops, although this folding, pattern does not remain fixed. 

The pattern produced on the roentgenogram in any ease of obstruc- 
tion of the small intestine is determined by the following factors: 
(1) Site of obstruction, (2) degree of gas distention, (3) length of gut 
distended, (4) the closed abdominal space. 

When an obstruction occurs at any point in the small intestine, the 
gut proximal to this area becomes gradually distended with air, the 
amount of distention depending upon the degree of obstruction, the 
elapsed time, and the amount of air swallowed by the patient. We 
have always been under tiie impression that distention of the small 
intestine clue to obstruction causes an elongation of the gut as well as 
an increase in the diameter. Sperling and Wangensteen, 1 however, in 
producing acute obstruction in dogs, noted a definite .shortening of the 
bowel which in some instances amounted to as much as 33 per cent. These 
findings are directly the reverse of what happens in distention of the 
stomach and colon ; here we can easily visualize an increase in length as 
well as diameter by means of the roentgen examination. The distention 
of the small intestine, when marked, causes an obliteration of all hut the 
permanent mucosal folds, the latter causing a constriction of the wall 
which results in a characteristic pattern that can be likened to stacked, 
miniature balloon tires. Occasionally in eases of chronic obstruction 
of the small intestine, even these primary mucosal folds may lie wiped 
out. With distention the individual coils unfold and are displaced out 
of their relatively normal positions by the internal pressure. Thus we 


may see a continuous coil of distended gut passing across the entire 
abdomen turn on itself and swing hark toward the root of the meson- 
terv, from where another coil may swing away in a different direction, 
the ends of the coils being held near the root of the mesentery by their 


shorter attachments. Occasionally a ease is seen in which a relatively 
short length of small intestine, ten to twelve inches, is distended with 
air- these short loops are always curved, indicating the influence of 
the mesentery on the pattern produced. 

The distended coils of the second group tend t» assume a horizontal 

•position across the abdomen, usually n»t ext ling very far beyond 

l,e midline to the right; the coils of the third -xted h..n/..»- 

talfv across the abdomen. The distended .o.N of the (mirth, t.fth. and 
sixth <r roups tend to assume an obli.pe- and vertical P-Mtom m th- 


abf omei . r ked distention » f lie- !•»«*■?. it may m» 

In a ease s in r- a; vtl . n ,|cil colon from distended small mtc-toic 
possible to (listmgt * ^ivi-abb- to administer n barium 

on the roentgenogram. It is u.m 
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enema to determine the presence or absence of obstruction in the colon. 
A diagnosis of an obstructing lesion in the colon distal to the cecum 
is important information to the surgeon in determining his operative 
procedure. ■ In no case of complete obstruction should a barium meal 
be given by mouth as the impaction of the barium that results will 
create an added hazard to both the surgeon and patient. If one de- 
cides that barium by mouth may give additional important findings, 
small amounts of a thin watery mixture nun’ be used, and then only 
in cases of partial obstruction. 

The differential diagnosis between complete mechanical obstruction 
of the colon, paralytic ileus, and mesenteric thrombosis is often ex- 
tremely difficult when- there is marked distention of both the large and 
small bowel in these conditions. The barium enema examination usu- 
ally detects the presence of a mechanical obstruction. Visualization 
of the entire colon by means of the barium enema in the absence of an 
obstructing lesion limits the diagnosis to a paralytic ileus or mesenteric 
thrombosis, an impossible differential diagnosis by means of the roent- 
gen examination. However, early in mesenteric thrombosis there is 
no distention of the gut with air, and when a barium meal is given by 
mouth, the head of the column stops in the second or third group of 
coils, the stomach retaining most of the meal. Practically no change 
■"'ill occur in the progress of the meal for as long as forty-eight hours 
or until vomiting and gas distention of the bowel occur. The diagnosis 
of mesenteric thrombosis is very rarely made before gas distention of 
the gut is present, and even then a positive differential diagnosis is 
usually impossible. 

Large amounts of fluid or semifluid fecal material in the distended 
bowel may and usually do give an atypical pattern on the roent- 
genogram ; large collections of gas may not be present, occurring only 
as numerous small bubbles quite uniformly mixed with the fluid. In 
such eases, the contrast between gas-distended bowel and surrounding 
soft tissue shadow is considerably diminished due to the density of 
fhe fluid. If the roentgenogram is made in the upright posture, fluid 
levels will be seen in the loops of distended gut. 

It is sometimes possible to determine quite accuratelj r at which level 
111 the small intestine an obstruction exists, but usually this is difficult 
to do with any degree of certaintjq particularly when the obstruction 
is low with many distended and superimposed coils filling the ab- 
dominal cavity. However, the roentgenologist can frequently direct 
the surgeon where to make his incision for the nearest approach to the 
obstructing lesion. 

REFERENCE 

1. Sperling, Louis, and Wangensteen, Owen II.: Influence of Acute Obstruction of 
Lie Bowel Upon Its Length and Weight, Proc. Soc. Exper. Biol. & Med. 32: 
3210-1224, 1935. 



FUNDAMENTAL CONSIDERATIONS IN TIIE OPERATIVE 
TREATMENT OF ADVANCED INTESTINAL OBSTRUCTION 
WITH ESPECIAL REFERENCE TO THE MANAGEMENT OF 
CASES COMPLICATED BY GANGRENE OF TIIE INTESTINE 

W. D. Gatcji, M.D., Ixdiaxapolis, Ixd. 

'"TREATMENT of bowel obstruction should be planned to cure the 
bodily injuries which obstruction produces. I begin, therefore, 
with a discussion of the nature and extent of those injuries. This, I 
hope, will justify in the mind of the reader the treatment I advocate. 
Authorities on bowel obstruction seem now to be in substantial agree- 
ment in regard to the chief effects thereof as given in t ho following 
summary. 

SYSTEMIC EFFECTS OF OBSTRUCTION* 


Dehydration and the starvation always associated with it are the 
chief causes of death following untreated obstruction. 

Obstruction of tbe small intestine causes a prodigious loss of water 
and electrolytes by t he blood. Tin’s dehydration is nearly always ac- 
companied by ail alkalosis. It accounts fort lie rapid, feeble pulse and 
low blood pressure observed in patients with ileus. It accounts also 
for the failure of the kidneys to excrete nitrogenous wastes. The in- 
creased viscosity of the blood may cause obstruct ion of the intrinsic 
arteries of the heart if these are already narrowed by sclerosis. It 
makes weaker the already enfeebled circulation through the bowel 
wall. It deranges the entire metabolism. 

We shall discuss later the possibility that systemic effects are under 
certain conditions produced by toxins absorbed from the obstructed 
bowel. 

EFFECT OF OUST KUCTIOX ON THE IIOWKt. 


These on final analysis are due to interference with circulation, 
caused, (I) by distention, (2) by direct pressure <m flic bowel, and 
(3) hr obstruction of the blood vessels of the mesentery. 

Effects of Distrnium on tht J'.wrrL— As tbe iiitraintestinal pressure 
increases tbe quantity of blood flowing through the intestinal wall 
decreases The flow ceases entirely when the iutmintrstinnl pressure 
curds th e systolic blood pressure. Distention alone can cause neeroMs 
of the bowel wall. The bowel, however, -wlm-s the »«"«•»* eause, 
hy distention astonishingly well. The water has demonstrated .hal 
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detaelied pieces of rabbit intestine remain alive in Ringer’s solution 
for twelve to fifteen hours. Under clinical conditions the bowel prob- 
ably remains viable much longer than this when distention is the sole 
impediment to its circulation. The pressure within it will take a long 
time to reach a height sufficient to cut down the blood flow to a 
dangerous extent'; furthermore, regurgitation of its contents will keep 
down the pressure. It is to be noted that prolonged distention, even 
though it may not injure the bowel beyond possibility of recovery, may 
conceivably damage the mucosa enough to make it permeable to toxins. 

While the large bowel can l’esist the effects of distention for a longer 
tune than the small bowel, it is much more liable to ultimate injury 
thereby. This is because the colon cannot readily empty its contents 
backward into the small intestine. The muscular coat of the bowel 
loses the power to contract when stretched beyond a certain extent. 
When this occurs the bowel can no longer protect itself against dis- 
tention by evacuation of its contents. A bowel -which has been over- 
d is tended for some time regains but slowly the power to contract, 
b or this reason a short-circuiting operation or even enterostomy may 
not relieve obstruction for several days. 

Effects of Direct Pressure on Bowel Wall. — Direct pressure upon the 
bowel wall by an impacted foreign body, e.g., by a gallstone or by the 
neck of a hernia or a peritoneal band, may cause necrosis thereof. 
The danger of this is increased by intestinal distention. Areas of bowel 
weakened by this cause are common sites of perforation. 

Effects of Interference With the Mesenteric Bloocl Vessels. — Clinically, 
dds is the most common and dangerous cause of circulatory disturb- 
ance hi the bowel wall. In the form of interference most frequently 
encountered, the mesenteric veins are obstructed while the mesenteric 
arteries are not, for example, incarceration of the bowel in hernia or 
beneath a peritoneal band. Under these conditions blood flows into 
die wall of the bowel under the full force of the s}"stolic blood pres- 
sure but cannot leave it. We have shown that this subjects the capil- 
laries of the bowel to the full force of the systolic blood pressure. 

Ibis ruptures the capillaries and rapidly demolishes the entire bowel 

wall. 

ABSORPTION OF TOXINS FROM OBSTRUCTED BOWEL 

Before the discover}" that intestinal obstruction causes a profound 
dehydration, death from all forms of intestinal obstruction was at- 
tributed to the absorption of poisonous materials from the bowel. This 
theory dominated treatment until recent years and was the cause of 
au enormous amount of experimental work, the major portion of 
which is now of historical interest only. Our present-day view of the 
intoxication theory, briefly stated, is as follows: The content of ob- 
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TREATMENT OF ADVANCED INTESTINAL OBSTRUCTION 
WITH ESPECIAL REFERENCE TO THE MANAGEMENT OF 
CASES COMPLICATED BY GANGRENE OF THE INTESTINE 
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'T’REATMENT of bowel obstruction should be planned to cure the 
bodily injuries which obstruction produces. I begin, therefore, 
with a discussion of the nature and extent of these injuries. This, I 
hope, will justify in the mind of the reader the treatment I advocate. 
Authorities on bowel obstruction seem now to be in substantial agree- 
ment in regard to the chief effects thereof as given in the following 
summary. 

SYSTEMIC EFFECTS OF OBSTRUCTION 


Dehydration and the starvation always associated with it are the 
chief causes of death following untreated obstruction. 

Obstruction of the small intestine causes a prodigious loss of water 
and electrolytes by the blood. This dehydration is nearly always ac- 
companied by an alkalosis. It accounts for Ihe rapid, feeble pulse and 
low blood pressure observed in patients with ileus. It accounts also 
for the failure of the kidneys to excrete nitrogenous wastes. The in- 
creased viscosity of the blood may cause obstruction of the intrinsic 
arteries of the heart if these are already narrowed by sclerosis. It 
makes weaker the already enfeebled circulation through the bowel 
wall. It deranges the entire metabolism. 

AVe shall discuss later the possibility that systemic effects are under 
certain conditions produced by toxins absorbed from the obstructed 
bowel. 

EFFECT OF OBSTRUCTION ON THE BOWED 


These on final analysis are due to interference with circulation, 
caused, (1) by distention. (2) by direct pressure on the bowel, and 
(3) by' obstruction of the blood vessels of the mesentery. 

’ Effects of Distention on tin llowel— As the intnmtlesfinnJ pressure 
increases the quantity of blood flowing through the intestinal wall 
decreases The flow ceases entirely when the infraintestmul pressure 
eonaU the svstolic blood pressure. Distention atom- .-an em.se ne,roMs 
} fill howd wall. The bowel, however, endures the at.em.a caused 
£ -II. The writer .!». 
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trary is true in all but early eases. The diagnosis of advanced ileus 
is a contraindication to operation until the patient lias been prepared 
therefor. This preparation consists essentially (1) in the relief of 
starvation, dehydration, and alkalosis by the parenteral administration 
of adequate amounts of salt solution and glucose and (2) in the relief 
of gastric and intestinal distention. The second of these requires ex- 
tended comment. 


When the obstruction is in the large bowel beyond the cecum and 
is complete, it is our practice to relieve it by a cecostomy, performed 
through a McBurney incision by amputating the appendix and dilat- 
ing the opening through the cecal wall until it will admit a good-sized 
tube. This is then inserted to a length of several inches and the end 
of the cecum is invaginated around it on the principle of a Senn gas- 
trostomy by two or three superimposed purse-string sutures of catgut. 
The tube is pushed through a flap of omentum which is tucked around 
the cecum, and the peritoneum is tightly closed about it. The other 
layers of the abdominal wall are very loosely sutured. We have been 
able nearly always to empty the colon in this way and have observed 
little or no fecal drainage after removal of the tube. It may require 
a week or longer to empty the colon and to give it time to regain a 
healthy tone. Then resection can be done with comparative safety and 
a death rate which should not exceed 5 per cent. Resection at an 
earlier time is difficult and dangerous. Between cecostomy and resec- 
tion the patient should be given a full, low-residue diet. 

If the obstruction is situated anywhere from cecum to pylorus, . we 
now relieve distention by continuous gastric lavage. We formerly 
lelied on a Witzel jejunostomy for this purpose, but we have found 
the lavage equally efficient except for very advanced cases. It takes 
the courage of conviction to persist in the attempt to deflate the bowel 
for perhaps several days. Our clinical experience, however, has now 
been sufficient to justify this treatment. It must be remembered that 
an overdistended bowel regains very slowly the power to contract ; 
als °, Hmt it can be trusted to retain its viability for a long time. The 
slow relief of the distention is a safeguard against an overwhelming 
absorption of toxic material. Several of our patients, apparently in a 
hopeless condition on admission, were cured by the treatment just 
described, without any operation at all. In these it is possible that 
the obstruction was due to a kinking of the bowel over a peritoneal 
f’and and that the relief of the distention undid the kink. Patients 
so vclieved should, of course, be kept under close observation for a 
l°ng time. 


How long should the attempt to deflate the small bowel be kept up? 
In general, the more slowly deflation is accomplished, the more neces- 
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strueted bowel is less toxic on intravenous injection than the content 
of normal bowel. The healthy intestinal mucosa prevents the passage 
into the blood stream of any toxic material conceivably present either 
in normal or obstructed bowel. The absolute proof that toxic material 
is absorbed from the obstructed bowel has never been produced. There 
are good reasons for believing that the body is protected in a fairly 
adequate way from such absorption. Two of these are the following: 

1. When the mesenteric vessels are obstructed, nothing but trans- 
peritoneal absorption can take place. This is probably slight, because 
patients often live for days with pieces of gangrenous intestine with- 
out showing noteworthy signs of intoxication. The peritoneum can 
isolate a loop of gangrenous bowel as readily as it can an abscess. 

2. Distention itself, if due to an intraintest inal pressure higher than 
the diastolic blood pressure, prevents all absorption from the bowel by 
way of its mesenteric vessels, even though t he mucosa be damaged. 
Since untreated bowel obstruction is accompanied by a marked fall in 
the blood pressure, it is probable that the intraintestinal pressure in 
any damaged loop of bowel will be as high as the diastolic blood pres- 
sure and that, therefore, no absorption from it can take place. 

Absorption of toxins can occur only in the presence of a devitalized 
intestinal mucosa and an adequate circulation through t he bowel wall. 
These conditions are present when the intestinal mucosa has been 
partially devitalized by prolonged and great distention which is rather 
suddenly relieved. They might be present also after a low blood pres- 
sure had been elevated by the administration parenternlly of a con- 
siderable quantity of water and electrolytes. This elevation of blood 
pressure, together with the decrease in viscosity of the blood which 
accompanies it, can conceivably restore the flow of blood through a 
distended loop of intestine, which before had been almost without 
circulation, and which, because of this fact, had a devitalized mimosa. 

M ost surgeons have observed patients collapse or die with symptoms 
suggestive of profound intoxication after the abrupt relief of a bond 
obstruction. The writer has never observed an outcome of this bind 
following the administration of considerable quantities of fluid, but 
the possibility of its occurrence in advanced cases of ileus is worthy 

of thought. 

treatment 


Diagnosis is outside the scope of this paper. Suflur it to -ay that 
before" operative treatment is undertaken, the presence s,.e. and stu,m. 
whether earl v or late, of the obstruction should h- determined. 

nrp of the opinion that the nppalbmr death rate following <■!>■ 
f r bowel obstruction lms been in gr.-ni part dm- t« the «d.-o 

* ... i**. *» 
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■Operation: June 26, the abdomen, was opened through a suprapubic incision. 
A greatly distended, totally gangrenous loop of bowel was found in the pelvis. It 
had been strangulated by passing around the right round ligament between the uterus 
and the anterior abdominal wall. It was ruptured while being removed, but its 
escaped contents were quickly and completely removed from the pelvis by aspiration. 
A gun-barrel enterostomy was done. Omentum was disposed around the emerging 
ends of bowel. Penrose drains without gauze were inserted into the bottom of the 
pelvis and brought out below the enterostomy. The incision was closed in layers 
with a continuous suture of plain catgut for the peritoneum and loosely applied 
chromic catgut sutures for the anterior sheaths of the recti. The skin was partially 
closed with interrupted sutures of silk. 

Postoperative course was relatively uneventful. The treatment for about three 
days was the same as before operation, except that water was given through the distal 
end of the enterostomy instead of by vein. Then the Levine tube was removed and 
soft food and fluids given by mouth. There was no excoriation of the wound, 
which was kept clean by manual!}’ applied suction. Because of the generally poor 
state of the patient, closure of the enterostomy was deferred until July 22 — twenty- 
six days — when her condition was excellent. 

The wound was reopened, the bowel ends freed, and a lateral anastomosis done. 
The abdomen was closed completely except for a Penrose drain inserted down to the 
posterior surface of the uterus and carefully protected from the site of the 
anastomosis. 

It is noteworthy that the wound healed almost by primary union, although three 
weeks after operation, when the patient was at home, she developed a small abscess 
at the lower end of the incision. She has since remained in good health. 

Case 2. — White man, aged twenty-two years. Admitted on January 29, 1937. Dis- 
charged March 3, 1937. Complaint: severe, crampy pain in the epigastrium. Vomit- 
mg began ten hours after onset, never fecal. Passed a little gas and some solid 
material with enema. 

He had had appendectomy in August, 1936. Health had been good until onset 
of present illness. 

Seen in consultation on February 2. General condition good except for moderate 
dehydration. Abdomen was somewhat distended ; bowel sounds present. A very 
tender sausage-shaped mass felt above and parallel to Poupart’s ligament; tense 
mass felt by rectum in right side of pelvis. 

White blood count 27,500, with 92 per cent granulocytes. Urine negative. X-ray 
plate of abdomen showed normal colon and a ladder pattern of distended loops of 
small bowel. 

Diagnosis: obstruction of small bowel with gangrenous loop. Continuous gastric 
lavage was started and 2,000 c.c. of normal salt solution with 5 per cent glucose given 
by vein. 

Operation: (Dr. John Owen.) February 2, 1937. A gangrenous loop of terminal 
deum 40 cm. long, obstructed by a band due to the appendectomy, was removed and 
a gun-barrel enterostomy done. Abdominal wall was closed as described for Case 1. 

Postoperative course entirely uneventful. No wound complication. On February 
•hi, 1937, the distal end of the enterostomy was invaginated into the cecum, and a 
lateral anastomosis done between the proximal end of the ileum and the ascending 
colon. Recovery was uneventful. 

Case 3. — White boy, aged fifteen vears. Admitted January 12, 1933. Dismissed 
March 5, 1933. 

Onset five days before admission with abdominal cramps and vomiting. Vomitus 
bile-tinged for three days, never fecal. General abdominal soreness since onset. 
Dark blood in stools for last two days. 
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sary it is. It may be completed in a fen - hours in early eases. In 
advanced cases, it may be impossible to deflate completely the lower 
reaches o£ the obstructed bowel. Sometimes placing the patient on 
his side or in the prone position may be a great aid to deflation. It is 
safe to operate when abdominal distention has been greatly reduced, 
when borborygmi can be heard, and when the general condition of the 
patient is good. 

If the site of the obstruction has been determined with fair accu- 
racy, the operator can make the abdominal incision which will permit 
the best possible exposure of the lesion. It. is needless to dwell upon 
the difficulties and dangers of this exposure in the presence of greatly 
distended loops of bowel. If there is no gangrene of the intestine, 
simple relief of the obstruction is all that is required. If the contrary 
is true, we believe that gun-barrel enterostomy following removal of 
the gangrenous pieee of bowel is the best treatment. We never perform 
intestinal anastomosis at this time. The patient, despite all efforts to 
improve his condition, is still a poor risk for operation; the over- 
stretched bowel is in no condition for suturing, which is followed too 
often by death. 

The fear of leaving a gangrenous pieee of bowel in the abdomen is, 

I believe, the reason which prompts many surgeons to operate upon 
patients with advanced ileus as soon as possible. My experience has 
led me to believe that, even if this formidable complication is sus- 
pected, it is safer to defer operation until the preparations described 
above have been made. As already stated, the peritoneum can wall of!' 
a pieee of gangrenous bowel ns readily as it can an abscess, and the 
one may be attended by no more systemic disturbance than the other. 

I submit case reports of three consecutive cases to enforce this point. 


Case 3. — tVliitc woman, aged thirty-eight years. Admitted .lime 2.3, 19.1(1. Pis 
charged August 0, 193<>. Complaint: severe abdominal pain, nausea, and vomit 
ing. Onset .Tunc 21, sudden, while on a 200-ntilc auto trip; required morphine. 

In March, 103-1, the patient had had a double salpingectomy, Gilliam suspension, 
and removal of a small cyst from one ovary. A year before admission she had had 
a short attack similar to the present one. 

The patient was acutely ill, in extreme dehydration. The abdomen was distended, 
and there was marked tenderness and muscular defense above the pubis. Nn bowel 
sounds were beard, but some gas bad been expelled with an enema. The uteru« wa- 
of normal size and in normal position. Behind it the pelvi- me tilled by n ten-e 

h °'ronmPTatare, 101 °; pulse. 120 ; respirations, 21; white blood cunt. ! W 9 > 
per rent polvmorphonuelear colls. The urine contained albumin. and red blood 

cells. X-ray examination revealed a ladder pattern of d, -tended loop- of -mall -a 

testine. , , . 

Treatment consisted of mnrphm. 
injections of salt solution and g m-o-e. 
reduced and bowel sounds could U 

101 °. 


rttnl imiou* !nu»«r«\ o f nl *nf rr» **•»<>’> a 

Tin* nlMornmn! »!*«?♦•*>* U«‘onu’ tp'm r»H\ 
hofinl. Tin* U'mjH'rnittrt' r»-rrj;i»rn‘il 



HERNIA AS AN ETIOLOGIC FACTOR IN ACUTE 
INTESTINAL OBSTRUCTION 

John II. Morris, M.D., and Vansel S. Johnson, M.D., New York, N. Y. 

(F r 0m the Fourth Surgical Division and Children’s Surgical Service, 

Bellevue Eospital) 

T TERNIA provides potentially those anatomic and mechanical condi- 

H ih eve generally 

>e Perlorl - HU, . progress 
in limiting tl.e incidence of this complication. It was ho, veter. to be 
anticipated that the advent of asepsis, maugura '»g >e m 
of surgery and establishing the efficiency of the open methods of treat- 
ment, might promise a popularisation of these methods - 

sequence, prognosticate a prophylactic reduet, on of tins taW * 
elective complication. That this promise has to some degree been 

realised is amply attested by the fact that open »I’ eratl “" £o J 
cure of hernia is today one of the most commonly Pertom«d Pros 
dares in the whole field of general surgery. On the otliei liar d 
in spite of the widespread attack upon this poten in soiii , 

complications, the inescapable fact remains that relatnel, a d 
lately, hernia at this time continues to head the list of causes of acute 

intestinal obstruction. 

So far as our own material is concerned, the answer to ttu : emgma 
is to be found not so much in statistical data as in eertam so eio logic 
and psychologic factors which must be given cue conS1 a „ 
data are to he correctly interpreted. For example, 1 £ - 

stituting the present report are based upon e mica ma 
almost exclusively from a social stratum winch * traditional antago- 
nistic to the principle of prophylaxis and which views sui^i 
as a kind of Pandora’s box whose powers are to. e imocec . . 

last resort. Reference to the records of our series o acu i 
obstruction due to hernia discloses eloquent ewe ence o • • 
mind which mav justly be held accountable for the secant fa *ts 
that 82.8 per cent of the group were victims o hernia for penod 
varying from two years to forty years preceding the onset of the f na 
obstructive manifestations; that more than half the cases n 
obstructed for twenty-four hours to ten days before seeking treatmei t , 
and finally, and in consequence of the foregoing, ia 1 
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Past history unmforming except that patient had had "stomach upsets” at 
intervals since birth. 

Physical examination showed the boy to be in good general condition except for 
dehydration. Abdominal distention was not great. There was marked muscular 
defense and tenderness over the McBurncy region. A mass could be felt by rectum 
in the right side of the pelvis. 

Temperature, 100; pulse, 100; respirations, IS; white blood count, 19,900 with SO 
per cent granulocytes. Urine negative. 

A diagnosis of appendical abscess with associated bowel obstruction was made. 
After a short period of gastric lavage and the administration of 1,000 c.r. of salt 
solution by vein, operation was performed. 

A McBurncy incision was made, whereupon the true nature of the trouble was dis- 
covered. A gangrenous piece of bowel was found in the pelvis. The McBurncy 
incision was closed, and a suprapubic incision made. The gangrenous piece of bowel 
was resected. It proved to be a double intussusception of the ileum of uncertain 
origin. A gun-barrel enterostomy was established and the wound closed as described 
for Case 1. 

The obstruction had evidently been high, because there was great excoriation of 
the skin around the enterostomy. Nourishment and water were given through the 
distal limb of the enterostomy. Continuity of the bowel was restored by lateral 
anastomosis on February 1(1, 1933. Recovery was then uneventful with good healing 
of the wound. The boy has remained well. 

COMMENT 

The interval between operations could have been shortened with 
safety in all of these eases. Its length will depend in any given ease 
upon the general condition of the patient and the time required for 
intraabdominal or wound abscesses to heal. The bowel, atonic because 
of prolonged overdistention, may not resume a normal tone for several 
days after enterostomy. During this time the patient's nutrition can- 
not be improved. The second operation for these reasons cannot usu- 
ally be done sooner than two weeks after the first. 

Our experience with these patients demonstrates that gangrene of 
the bowel may cause amazingly little intraabdominn! or systemic dis- 
turbance; that the fear of its presence should not lend to operation 
before the patient has been prepared therefor; that with proper pre- 
operative preparation followed by excision of the gangrenous bowel 
and enterostomy, this serious complication of bowel obstruction can 
be successfully treated. 
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Table I 


Analysis of 130 Cases of Hernia With Intestinal Obstruction 


TYPE OF 

HERNIA 

NUMBER 

sex 

AVERAGE 

AGE 

AVERAGE i 
DURATION 

OF 

DEATHS 

MORTALITY 

RATE 



m 

F 


SYMPTOMS 



Indirect 

inguinal 

79 

76 

3 

39.3 

39.1 hr. 

(71 cases) 

12 

15.0% 

Direct inguinal 

7 

4 

3 

52.0 

43.4 hr. 

(6 cases) 

1 

14.0% 

Femoral 

26 

8 

18 

55.3 

67.2 hr. 

(25 cases) 

15 

57.5% 

Umbilical 

7 

0 

7 

55.2 

47.3 hr. 

(6 cases) 

4 

57.0% 

Ventral 

Interstitial 

Semilunar 

Internal 

8 

1 

1 

1 

1 

1 

1 

1 

7 

51.0 

46.5 hr. 

(6 cases) 

4 

1 

1 

0 

50.0% 

Group_ totals 

130 

92 

38 

44.1 

(130 eases) 


38 

29.23% 
(130 cases) 


predominate over females in the ratio of 92 to 38; that the average 
age for the group as a whole is 44.1 years ; and that there were 38 
deaths, establishing a mortality rate of 29.23 per cent. 

It. is apparent from comparative study of the various types com- 
prising this group (Table I) that, while the indirect inguinal variety 
with 79 cases predominates among the causes of hernial obstruction, 
it presents at the same time the lowest figures for duration of acute 
symptoms (39.1 hours) and age of onset (39.3 years), both of which 
factors undoubtedly have a significant bearing upon the minimum 
mortality rate of 15 per cent recorded for this type of hernial obstruc- 
tion. On the other hand, femoral hernia, which is second in impor- 
tance from the standpoint of frequency, with 26 cases, shows the 
maximum figure for duration of acute symptoms (67.2 hours), the 
highest average age (55.3 years), and as a logical consequence, the 
maximum group mortality rate of 57.5 per cent. Among the less com- 
mon obstructive hernias, the ventral, umbilical and direct inguinal 
types correspond very closely in respect to average age, duration of 
symptoms, and mortality rate, with the single exception that the latter 
(direct inguinal) is distinguished by its minimum mortality figure of 
14 per cent. For the whole group, males preponderate over females 
m the proportion of 92 to 38, with the indirect inguinal type showing 
a special predilection for males, the femoral, umbilical, and ventral for 
females, while the direct inguinal hernias are about equally divided 
between the two sexes. 

1 here were three instances in which obstruction complicated rare 
tjpes of hernias. The first, a semilunar or Spiegel’s hernia, occurred in 
a male of fifty-four years of age and presented clinical symptoms of 
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a whole presented a mortality rate approximating 30 per cent. It may, 
of course, be said in extenuation that this attitude toward hernia is 
not confined to any single class or group and that the very chronic 
nature and frequency of this condition bespeak a familiarity which 
breeds in general a contempt for its complications. Be this as it may, 
the fact remains that hernia is a potential source of acute intestinal 
obstruction, and prophylactic herniotomy is surely a small price to 
pay for insurance against the possibilities of this catastrophe. 

The role of hernia as an etiologic factor in acute intestinal obstruc- 
tion is indicated by an analysis of the records of the Fourth Surgical 
Division and the Children's Surgical Service, Bellevue Hospital, for the 
period from January 1, 1924, to January 1, 1937. Among the 52, Hal 
surgical cases admitted during this period, 3,432 were classified as 
hernias of various types and of these latter 130 were associated with 
acute intestinal obstruction ; whereas, during the same interval, the 
number of intestinal obstructions from nil other causes combined totaled 


only 109 eases. On the basis of these figures, therefore, we may he 
permitted to conclude (1) that for this series the incidence of intesti- 
nal obstruction due to hernia, external and internal, is approximately 
4 per cent and (2) that, while hernia constitutes but (5.5 per cent of 
general surgical conditions, it is, nevertheless, the inciting factor in 
54 per cent of all acute intestinal obstructions. 

In view of the fact that certain conditions may simulate but not 
actually qualify for inclusion in the group of acute intestinal obstruc- 
tion due to hernia, it is necessary to establish specific criteria upon 
which to base the selection of cases comprising this group. Tl must 
be recognized, for example, that neither irreducibility or incarceration 
is necessarily synonymous with obstruction, and if is furthermore 
important to recall thnt pure omental hernias complicated by strangu- 
lation or torsion may. ns a result of reflex peritoneal irritation, ileus, 


vomiting, and pain associated with characteristic local hernial signs, 
closely approximate the accepted clinical picture of obstruction. In 
consequence, the selection of eases for admission to the present series 
has been determined not only by the presence of the classic clinical 
symptoms of obstruction, but more particularly through the anatomic 
demonstration within the sac of an intestinal segment whose lumen, 
regardless of type of mechanism, lias been encroached upon to -.mb 
a decree as to preclude the maintenance of its excretory funet.on. 

J 11|US classified, there were 130 eases of acute intestinal nbstrm- 

>**»« •* «■ - - 



MORRIS AND JOHNSON: HERNIA IN INTESTINAL OBSTRUCTION 907 


INTERNAL HERNIA 

The term internal hernia should properly include all those protru- 
sions of intraabdominal contents through intraperitoneal pouches or 
openings of congenital or traumatic origin, thus contrasting with the 
common varieties of external hernias which take place through de- 
fects in the retaining wall of the abdomen. Although notably rare in 



l--— Drawing of left paraduodenal hernia (Case 1) to show' neck of sac, ex- 
Pioratory incision of sac, and gangrenous segment of ileum and colon. 


comparison with the external types, the internal hernias assume con- 
siderable clinical significance in consequence of the high incidence of 
acute intestinal obstruction which they exhibit. Short 1 mentions 
f e ' en common types; viz., the retrocolic, the ileoappendicular, the 
mtersigmoid and those through the foramen of Winslow, the transverse 
mesocolon and those into the paraduodenal fossae, right and left. Of this 
"’oup, the last named, the paraduodenal, or retroperitoneal, hernia is 
greatest importance from the clinical viewpoint and is differenti- 



906 


SURGERY 


acute intestinal obstruction without demonstrable evidence of its site. 
At operation, there was found protruding through the left semilunar 
line just above Douglas' fold, a small sac containing a loop of small 
gut, which was constricted at. its neck by a ring of posterior sheath 
through which it passed. The second instance was noted in a male of 
forty-five years of age admitted with a seven days' history of acute 
obstruction whose etiology was obscure. Exploration revealed a true 
interstitial hernia with a loop of proximal ileum angulated within a 
.midline pouch of peritoneum presenting beneath the rectus muscle. 
Both of these eases were admitted in shock from neglected obstruction 
of undetermined origin and both died within twenty-four hours after 
operation, thus corroborating established conviction that this type of 
hernia frequently escapes detection and, in consequence, is charac- 
terized by a relatively high mortality rate. 

The third member of the group of rare obstructive hernias, repre- 
senting an unusual type of internal hernia, is of particular interest 
academically as well as clinically. 


Case 1.* — The patient, a male aged thirty years, was admitted as an acute 
emergency under diagnosis of perforated duodenal ulcer. During the preceding five 
years he had complained of chronic indigestion neeompanied liy epigastric, pain 
which usually appeared one hour after meals. Four hours before admission he de- 
veloped an acute severe pain in the umbilical region accompanied by persistent 
vomiting. Bowels moved shortly before admission, and no blood was noted in either 
vomitus or stools. 


On examination, the patient presented an anxious, grayish facies. The pulse 
rate was OS, temperature 9S.0 degrees, and blood count showed 27,200 white blood 
cells with 9G per cent polynuelenrs. The abdomen was generally rigid and tender 
throughout and no masses were palpable. Rectal examination was negative, and 
there had been no bleeding per rectum. 

Operation, carried out under diagnosis of perforated duodenal ulcer, disclosed 
a left paraduodenal hernia comprising the entire ileum, a portion of jejunum, cecum, 
and ascending colon. The hernial sac. ns large us a human head, occupied the left 
gutter, and loops of black, hemorrhagic intestine could he seen through the trans- 
parent posterior peritoneal covering. On opening sac through incision over its 
summit, it was found that the hernia was complicated by torsion of an elongated, 
primitive mesentery resulting in gangrene of the distal ileum, cecum, and ascending 
colon (Fig. -!)• This condition was treated by rejection of fh- involved intestine, 
end-to-end anastomosis, replacement in retroperitoneal sac. and clo-ure of inctu.m 
tl.ro, .eh posterior peritoneum. Reduction of the hernia w.tl. obliteration of para 
duodenal fossa was indicated as a concluding step, but because of patient's poor 
.... f i.j, procedure was abandoned and operation concluded. 1’ii.foperntitr 

Z , TJ — i »> * - 

C _°“ o ent ha „ lioen under elo-e observation during H«* -a-uiag eleven J-ar« and 

p ..« ***%£& z. 
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second, because Case 1 reported above is an example of this type of 
hernia. This fossa is formed just to the left of the terminal portion 
of the duodenum from the anterior surface of which two thin non- 
vascular folds pass laterally to merge with the posterior parietal 
peritoneum along the line of the inferior mesenteric vein. There are 
thus formed a superior and an inferior crescentic fold which coursing 
laterally become continuous with a falciform fold of posterior peri- 
toneum raised by the inferior mesenteric behind. There is thus 
formed, to the left of the duodenojejunal flexure, a peritoneal pouch 
whose orifice looks to the right and whose anterior crescentic neck is 



'ir. 2. Drawing: of dissection of left paraduodenal fossa. Inferior fold has been 
incised and reflected to show vascular relations at neck of fossa. 

formed by the peritoneum-invested inferior mesenteric vein. (Pig. 2.) 
Herniations into this left paraduodenal fossa of Landzert insinuate 
themselves behind the inferior mesenteric vein and present as a true 
peritoneal sac in the retroperitoneal region of the left gutter. 

Diagnosis in the obstructive type of left paraduodenal hernias pre- 
sents obvious difficulties, and it is not remarkable that in the series 
cited there has been but one correct preoperative diagnosis recorded pre- 
wous to 100G — that of Sherren. of London. Subsequently, in 1921, Knm- 
mei- succeeded in making a preoperative diagnosis of left paraduodenal 
unnia by x-ray. The symptoms parallel closely those of the obstructed 
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atecl from the other types of internal hernias, not only by its clinica. 
manifestations, hut also by the fact that it represents a congenital 
anomaly. 


Although Neubauer, of Leipzig, recorded in 1776 the first case of 
retroperitoneal hernia discovered in the course of a routine autopsy, 
and Landzert in 1871 for the first time described the anatomy of the 
paraduodenal fossae, this subject remained an academic one until 1906 
"’lien Moynihan established its status as a clinical entity and stand- 
ardized the confused nomenclature and knowledge relating to this 
condition. lie described nine different types of fossae about the 
duodenum in which hernia may take place and reported seventy-four 
examples of these hernias collected from the literature up to that time. 
Meanwhile a rapidly increasing number of case reports have swelled 
this figure so that approximately 200 eases are at this time available 
for study. IVe have recently had occasion, in another connection, to 
make a careful analysis of a group of these cases and were able to 
establish facts which have a bearing upon the present discussion of 
hernial obstruction. The series of paraduodenal hernias under con- 
sideration comprises 85 eases of which 59 per cent were males and 29 
per cent females. The average age was 29.5 years, the youngest being 
aged 12 months, and the oldest 84 years. These cases were classified 
under two heads: (1) The silent or autopsy group which included 
all those instances in which the hernia was an accidental discovery 
during routine autopsy and in which there was no evidence that it 
had produced symptoms during life. In this group there were 59 
cases, or 69.5 per cent of the series. (2) The acute clinical group com- 
prising those cases treated or operated upon for symptoms incident 
to the presence of the hernia, or whose death, if untreated, was 
directly attributable to the hernia. In this group there were 25 cases, 
or 30.5 per cent of the series. 


It is, therefore, apparent that a large percentage of the para- 
duodenal hernias are clinically silent, and since they do not present 
externally, the incidence of this condition cannot lie accurately deter- 
mined. It is furthermore evident that these hernias assume major 
clinical importance only where their benign course is complicated by 

some de-wee of incarceration or strangulation. In this latter res; 

these hernias exhibit a close analogy with their external prototypes, 
but it is to be noted Hint, whereas, the incidence of these obstructive 
manifestations in the external hernias is less than -I per cent, the cor- 
responding figure for the paraduodenal hennas is 30.5 p-r cent. 

Of the nine duodenal fossae described by Moynihan one only-the 
‘ , <• bandzerf — will be considered at *1"' {,!n ' ; 

left paraduodenal fossa ofL duodenal hernias, and 

first, because it is concerned m <0 P^r 
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importance clinically because it is tliis fetal type mesentery with the 
wandering cecum and colon which makes possible the herniation of 
a large proportion of the intestinal tract as noted in Case 1. 

The sac contents in the paraduodenal hernias vary from those of a 
few inches of the jejunum to massive inclusions of the entire small 
intestine with a portion of the large, as described under Case 1. Ob- 
struction may occur in all types, but the larger hernias provide the 
true predisposing factors; viz., (1) a large hernial sac with compara- 
tively small, unyielding vascular margin favoring obstruction at the 
neck; (2) long fetal mesentery with mobile cecum and colon predis- 
posing to volvulus (Case 1) ; (3) intrasaccular adhesions leading to 
simple obstruction. 

Although the principles governing the treatment of the external 
hernias (viz., [1] reduction of the hernial contents and [2] oblitera- 
tion of the sac), theoretically hold good for the paraduodenal hernias, 
it may be recalled that the latter are clinically silent until their pres- 
ence is signalized by the development of such complications as incarcera- 
tion, volvulus, or strangulation, and hence when the problem of therapy 
arises it involves the treatment of one of these complications. The con- 
stricted neck of these hernias is a frequent site of obstruction and con- 
stitutes a major problem because the presence of important vessels in 
the free edge of the neck contraindicate incision of the constriction at 
this point. Under these conditions, opening the sac itself will fre- 
quently permit a retrograde reduction of the contents, and this same 
maneuver is indicated in case of volvulus, incarceration, or strangula- 
tion within the sac, and particularly when resections of gangrenous 
intestine become necessary. Partial excision of the sac, obliteration 
°f the cavity by suture, or closure of the orifice are advisable after 
reduction of the hernial contents, due consideration being given to 
the proximity of important neighboring vessels. These patients are 
usually received in some degree of shock and an operative mortality 
late exceeding 50 per cent was recorded in some of the early series. 
In the meantime, the modern policy of prompt intervention in cases 
presenting symptoms of intestinal obstruction has gradually reduced 
this rate so that it now approximates the figure which obtains for 
cases of intestinal obstruction in general. 

There were three instances of partial enterocele (Richter’s hernia) 
lecordcd in the series of 130 cases of obstructive hernias. The first 
instance complicated a femoral hernia in a female of fifty-five years 
of age and involved a portion of the wall of the ileum in a gangrenous 
piocess requiring resection, 'flic second case occurred in a female of 
forty-one years of age in conjunction with a ventral hernia. Reduc- 
tion was accomplished without the necessity of resection. The third 
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external hernias except that they are not associated with or identified by 
the usual external hernial mass. A large proportion of cases give a his- 
tory of recurrent attacks of indigestion associated with occasional attacks 
of epigastric pain and marked constipation, which may be intermittently 
replaced by periods of diarrhea, all of which express varying degrees of 
incarceration or partial obstruction. With the onset of complete obstruc- 
tion, two very significant signs appear in more than 50 per cent of the 
cases, and when observed in conjunction with the above history, should 
establish the diagnosis. The first is due to the presence of the large retro- 
peritoneal hernial mass which appears in the mesogastrinm slightly to 
the left as a smooth, cystlike, globular tumor, varying in size from 
that of a grapefruit to an adult head. This mass is somewhat movable, 


yields a tympanitic note on percussion, and on auscultation over it, 
clear intestinal sounds can he heard. The second diagnostic sign 
results from a combination of mechanical and anatomic factors at the 
orifice of the paraduodenal fossa which becomes the constricted neck 
of the hernial sac. As the hernia increases in size, the thin crescentic 
margin of this orifice is exposed to the effects of stretching and drag- 
ging by the massive sac contents, so that the inferior mesenteric vein 
coursing along the sharp anterior margin of the constricted neck suf- 
fers a degree of compression which produces mechanical stasis and 
back pressure in the inferior mesenteric venous system, and this is 
expressed clinically by the acute development of large internal hemor- 
rhoids or bleeding from the lower bowel. It seems justifiable to eon- 
elude, therefore, that a preoperative diagnosis of paraduodenal hernia 
should he made with a reasonable degree of certainty when the clini- 
cal evidences of acute intestinal obstruction are associated with tiie 
presence of a large, globular mass in the left mesogastrinm and accom- 


panied by lower bowel hemorrhage. 

Space will not permit a consideration of the etiology of these 
hernias, hut it may be stated that the theory of congenital origin of 
the paraduodenal fossae and associated phenomena is well supported. 
During the conversion of the embryonal status of the gastrointestinal 
trad, characterized by the primitive dorsal mesentery, into its perma- 
nent' adult relation, the cecum migrates upward from its left lower 
abdominal position toward the left upper abdomen, then progresses 
across the epigastrium to eventually become fixed by fusion of fetal 
mesenteries in the right lower quadrant. It seems quite dear that 
congenital anomalies, such as the fossae about the duodenum nod the 
cXtei.ee of fetal mesenteries, represent the failure of the pentommm 
P Lrh- adjust itself during this process. It is interesting to note 
to prop . • , . | | j| l0 fpfjj! tvjif* of iwmm itrry with tnohib 

the frequency with | re- 

cecum or colon and m t M , rit)1I|( , n | hernias. This fact i* of 

ported in conjunction with 
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third decades so that, if the incidence of obstruction in this group re- 
mains consistently proportional, its curve should roughly parallel the 
curve of frequency. 

Chart II compares the age incidence in both sexes and brings out 
the facts that (1) the high incidence of obstruction in the first decade 
takes place in the male sex, (2) that hernial obstruction in the female 
sex is extremely rare before the thii-d decade, and (3) that after the 
second decade the incidence curves of hernial obstruction in the two 
sexes run roughly parallel courses. 

Complications, such as incarceration and strangulation, arising dur- 
ing the first decade present special features which distinguish them 
from the analogous adult condition. These complications are undoubt- 



Ohart II. — Comparison of the agre incidence of hernial obstruction in both sexes. 


cdly most common in the first year and are probably related to at- 
tempts at natural closure. The small irreducible hernias are more 
dangerous than the larger types because they are most often associ- 
ated with circulatory disturbances. Irreclueibility is, however, par- 
ticularly innocuous to children, and even with intestine in the sac, ob- 
structive symptoms are infrequent. The rarity of true strangulation 
at this period of life is confirmed by the investigations of EstoeF who 
showed that among 139,000 hernias in children there was not a single 
herniotomy done for strangulation. Fraser 4 found in an analysis of 
10,000 cases at the Edinburgh Children's Hospital that there was no 
instance of complete strangulation and gangrene such as is seen in 
adults. Out of the total series, there were fourteen cases of irreducible 
hernia in which there was sufficient interference with blood supply to 
.instil v the qualification of strangulation, and in these extreme in- 
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instance was observed in a male of sixty years of age in whom n 
knuckle of ileum became involved in a recurrent, inguinal hernia. 
The obstructed loop was freed through a right rectus incision and 
returned to the abdomen without resection. In all three cases the 
obstruction was complete and of less than three days’ duration. There 
were no deaths in this group. 

Chart I records by deeades the age incidence in ISO eases of acute 
intestinal obstruction due to hernia and graphically emphasizes the 
exceptionally high incidence of this condition in the first ten years of 
life (21, or 16.1 per cent of the eases) with an abrupt fall in the second 
decade, followed by a gradual rise to a maximum (30, or 23 per cent 



AGE 0-10 11-20 2100 01‘K 41-50 51 CO C!X> 71 EG 61-90 

1 incidence l>v decades in 12(1 lernl.il nfi.-dt-ttctliinx n/lli In.nit trr.n |0i 

' ' :tn'.Uyzln£ oases occurring In the first decade. 


of the eases) in the sixth decade. The insert graph in the first decade 
is of particular significance and indicates that of the eases noted 
during this period, 11. or 52.3 per cent, occurred during the first six 
months of life; ]5. or 71.4 per cent, took place before the second 
• and 19. or 94.2 per cent, before the third year. The unusually 
hi -'li ’incidence of hernial obstruction noted in the first decade has 
usuallv been explained on a basis of certain annfon.tr and niclia.iteal 
factors peculiar to children, hut in our opinion this modcc merely 
expresses the conventional ratio of obstructive oon.pheat.on, to b’’ 
l : .fed in a decade which boasts of the greatest henna! fre., ...■«.•> . 
antieip- infiOft hernias. I’.erger- showed graphically that 7.> |-r 

i» * f W 'TJ 2 "«- r 

" f '“' n "“ s '"h r. H *b»n.i>- nw >»"' 

which the eurve of fr* 1" - 
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fall iu blood pressure and which is followed by auacc^on^f 
blood in the large veins. Others hold to the theory , 

seriated with constriction of the arterioles which expresses plas a 
from the blood stream and in this manner brings about a decrease 
the volume of circulating fluid. Cannot believed that the permstent 
fall of blood pressure following trauma was due to ie i i 
the traumatized tissue of a histamine-like depressan . a 
Bradburn, 0 working with dogs, observed that the oxygen content* 
blood from the femoral vein in traumatized extremities was— ■ 
ently higher than the controls and suggested that a oca a c • 
of blood occurs in the traumatized area. Subsequent y, a o 
mated the blood loss in traumatized areas and P^ sei1 ec t j ie 

which indicated that the low blood pressure noted after tian 
extremity of an experimental animal is due to loss o oot ^ 
traumatized area. Finally, this same observer, 8 noting ia pio » 
trauma to the intestinal tract resulted in a marked decline of bl 
pressure, studied in the same manner the effect o trauma upon he 
intestines and concluded that the loss of fluids iom an 1 
traumatized intestinal segment was the chief cause 01 
in pressure observed in these instances. 

Among our eases of hernial obstruction, there were twenty-one in- 
stances in which varying degrees of shock weie obsenec , an 
conviction, based upon these observations, that clnnca y a e s 
condition differs in no important respect from the type o s o v 
in severe trauma. As to the mechanism of its causation m h i na 
obstruction, it may be pointed out that iucaiceiation 01 s ian o 
of an intestinal loop is associated with a degiee of pio on n ec lai 
and it is tempting to assume, in the light of experimental evidence 
that the consequent loss of fluid into and about the traumatized loop 
due to hemorrhage, capillary engorgement, and filtration of plasma 
sufficient to produce the typical fall in blood piessuie am 


treatment 

In reference to treatment, it is important to lecognize that funda 
mentally hernial obstruction presents two problems ioi so u ion , m 
first, provided by the obstructed intestine, is local and pinmuj , u " e 
the second, expressed in the form of constitutional effects of the ob- 
struction, is general and secondary. To meet the first problem three 
possible indications are to be considered: (1) relief of obstruction, 
(2) treatment of the strangulated hernial contents; (3) repair of the 
hernia. Belief of obstruction is the primary purpose of operation; it 
is frequently a lifesaving measure and is occasional!.! the only step 
permissible where severe shock exists. Under these conditions opein- 
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stances the vascular changes were limited to patches of necrosis. 
Analysis of our own series of obstructive hernias occurring in the first 
three years shows that, all were males, all had inguinal types of hernia, 
thirteen were obstructed at the external ring and five at the internal, 
while the small gut was involved in thirteen instances and the large 
in four. There was no instance in which gangrenous intestine re- 
quired surgical attention; there were no deaths; and the average 
duration of obstruction was less than twenty-four hours. This last 
figure, compared with the average duration of obstruction in the 
series of 130 cases of all types and ages, suggests that the rarity of 
true strangulation in children is due less to anatomic and mechanical 
factors and more to the spirit of promptness which brings these chil- 
dren to early operation. 

In general, the symptoms induced by hernial obstruction were con- 
ventional and require little comment. An acute onset of pain asso- 
ciated in the external hernia, with an enlarged, tense, irreducible, 
and sometimes inflamed hernial mass, was quite constant. Nausea, 
vomiting, and constipation were usually observed, but distention and 
other abdominal evidences of obstruction were as a rule conspicuously 
absent due to the infrequency of low gut obstruction. Temperatures, 
with few exceptions, were normal or subnormal and white blood 
counts presented, in most instances, normal or very slightly elevated 
figures. 

Of greatest significance in the clinical picture is the appearance of 
a condition called shock characterized by an ashy pallor, cold clammy 
skin, a rapid pulse of small volume, and hypotension. This condition was 
most commonly observed in elderly patients with prolonged obstruction, 
but it. was not infrequently noted also in relatively young subjects 
whose hernias had conic down For Die first time and in wlww the 
obstruction was of short duration. In three instances this type of 
shock induced a moribund state which precluded operation and led 
to a mortality in each case, while among the 3S deaths which occurred 
among the patients operated upon, 39 per cent were ascribed to this 


chum:. 

This same shock syndrome, which is recognized as nn important 
feature in severe trauma generally, has attracted the interest of many 
able investigators and many divergent theories have been advanced 
io account for it. At the present time there is quite general agree- 
ment that diminution of the circulating blood volume is «,» wnMl 
I r the shock picture, hut there is a wide difiVrenee o. opinion n. 
P artof ' r this diminution. Crib* mid his as-,,, -mfes maintain tlmt 
otlh . «... t r;, t.ii.J.I 

- .i, - -- - •" * 
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of shock, a lower operative mortality, a limitation of progressive tissue 
destruction, and a decreased incidence of resection or enterostomy. 
On the other hand, hasty operation in advanced cases, complicated 
by typical shock, imposes a. major surgical procedure upon a patient 
already overburdened by dehydration from fluid loss, distorted blood 
chemical values, gastrointestinal ileus, etc., and when disregarded pre- 
operatively, these latter factors account for a considerable proportion 
of the surgical deaths. 



hernlfl phlc anal ysls by decades of the 3S deaths occurring among 130 

relation ° ns t° show distribution and percentage distribution of deaths in 

uu to total number of cases. 


llnis the ideal attack upon the constitutional phase of this prob- 
lem suggests itself; viz., that regardless of the degree of local damage 
°r the duration of obstruction, operation should await a preliminarv 
period devoted to restitution, so far as possible, of perverted chemical 
and physiologic processes. Shock and dehydration being character- 
ized fundamentally hv diminution of circulating fluids, the first indi- 
cation is the restoration of these fluids in a form which will remain 
longest in the vascular tree. Whole blood best meets this indication 
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tivo procedure is limited to simple incision of the constriction com- 
bined with enterostomy in situ or with exteriorization plus enteros- 
tomy in those instances in which severe intestinal damage or ileus 
indicate the need of decompression and subsequent repair of intestine. 
Treatment of the hernial contents, the next indication, is second in 
importance only to the relief of obstruction and is reserved for those 
patients whose condition will tolerate more extensive procedures. At 
this point, decisions must often be made which tax the judgment of 
the most experienced operator — choice between reduction, exterioriza- 
tion, and resection; determination of type of anastomosis; estimate of 
the patient as a surgical risk; etc. Each problem must be individually 
evaluated upon its own merits and only general, well-recognized prin- 
ciples can be laid down. Dark, congested, or even purplish gut whose 
serosa retains its normal gloss may usually be reduced without fear; 
whereas, the Joss of this sheen with persistence of black discoloration 
after release usually indicates the necessity for resection. In the small 
gut, the aseptic type of end-to-end anastomosis is to be preferred; 
in large gut resection the side-to-side method is undoubtedly the 
safest; and in both a proximal catheter enterostomy should invariably 
be added for decompression. Prolonged stasis with ileus and dilata- 
tion may contraindicate primary anastomosis in some eases and some 
form of decompression-excision procedure on the Mikulicz principle 
may be required. In children, resection is accompanied by a high 
mortality and is to be employed only where indications are positive 
and definite. On the other hand, palliative enterostomy is poorly 
tolerated in early life and immediate resection is preferable to en- 
terostomy. 

Among our series of 130 eases of hernial obstruction, 13 cases had 
primary resections and of these 6, or 16.2 per cent, recovered, while 
7, or 53.8 per cent, died. Of the latter, 6, or 85.5 per cent, were in 
femoral hernias whose contents in every instance was small gut. The 
anastomosis was of the end-to-end type in 4 of these cases and side-to- 
side in 2 cases. Exteriorization was employed in 7 eases with 6 deaths 


and 1 recovery. 

In respect to the second fundamental problem— the constitutional 
effects induced by obstruction— we are convinced from a critical anal- 
vsis of our deaths, that among our early cases this factor was improp- 
‘ lv evaluated and that ill-advised haste has contributed materially to 
mortality rates. Subsequent experience has led to the paradoxic con- 
“ i. lt the early obstructions are the logical operative emergen- 
! r “M 1 ad«l cases admitted in shock merit delay P™vi« 

’ Lind of delav is properly utilized. In other words, eailj 

operations on obstructin'™ ot short duration mean a minimum degree 
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3. Although hernial obstruction shows a high incidence in the first 
decade, and 94.2 per cent occur before the third year, there was no 
single instance in which resection of gut was required. 

4. Early operation and release of obstruction constitute the primary 
objectives of surgical treatment. 

5. Shock is the most serious complication of hernial obstruction, 39 
per cent of deaths being ascribed to this cause alone. 

6. The mortality rate in 13 primary resections was 53.8 per cent 
while 7 exteriorizations showed a mortality rate of 85.7 per cent. 

7. The average age for the series, was 44.1 years, while the average 
age in 38 cases which died was 60.2 years. 
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anil our preference at. this time is for its administration b.v the citrate 
method. Gum acacia solution, when properly prepared, glucose and 
saline solution, or normal saline solution alone, are of considerable value 
in correcting distorted blood chemical values, raising blood pressure, and 
replacing fluid loss, but they arc all of secondary choice because of their 
transitory effect. They arc, therefore, best given in massive amounts 
by slow, intravenous drip. Decompression of the gastrointestinal 
tract is of equal importance as a preoperative measure in the presence 
of distention and vomiting, and the suction-siphonage method devised 
by Wangensteen 1 ' plays an extremely important role in this as well as 
in (be postoperative period. 

The treatment of the hernia in hernial obstruction requires little 
comment since it plays a small part in the problem after the obstruc- 
tion Inis been relieved and the hernial contents eared for. In obstruc- 
tions associated with gut damage, its repair must obviously be post- 
poned, and even in those early cases where the damage has been mini- 
mal, ideal repair must be attempted with caution since it has been 
shown 10 that in strangulated hernias a grossly intact intestine may be 
permeable to bacteria which may frequently be cultured from the sac 
fluid. 

As previously noted, there were 3S deaths in this series establishing 
the mortality rate of 29.2 per cent. Chart III analyzes this group by 
decades and shows that, beginning with the fourth decade, the actual 
number of deaths rose gradually to reach a maximum in the sixth 
decade, while the percentage deatli rate shows a gradual rise from 
the fourth to the ninth decade where it readies its maximum. Of the 
38 deaths, 35 were operative and 3 died without operation. Twenty 
of these cases were males and 18 were females. Femoral hernia led 
the list as a cause of death with 15 eases; inguinal hernia was second 
with 13 cases, and all other types combined numbered 10. The im- 
mediate cause of death was ascribed to shock in 15 cases (39 per cent) 
of this group; to pulmonary complications in S eases; to cardiocircula- 
torv failure in 5 cases; to peritonitis in 2 eases; and to miscellaneous 
factors in 8 eases. The average age of the patients who died was 


60.2 years. 

In conclusion, we may briefly summarize the results of our study 
of 130 cases of hernial obstruction as follows : 

1 Hernia, inclusive of all types, comprises 6.5 per cent of all ge n- 
P rd surdcal hospital admissions; 4 per cent of hernias are at some 
time or other complicated by obstruction; and this 4 per cent zs re- 
sponsible for 54 SI flSTfor 

direef inguinal siioies the lowest 
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to locate the appendix and the ileocecal junction. The appendix was finally found, 
pointing downward into the pelvis and covered by a greatly distended, plum-colored 
intestine, which proved to be the cecum. The appendix was gradually brought up- 
ward and seen to be moderately injected. At the same time it was noted that the 
cecum itself rotated, or turned, to a more normal position. The distention dis- 
appeared, and the small intestine that had been previously collapsed became moder- 
ately distended. Simultaneously the discoloration of all the intestines appeared to 
clear up with a restoration of the circulation. The torsion was apparently in a 
counterclockwise direction. After release, it was noted that the cecum and terminal 
ileum were attached by a long common mesentery, which allowed great latitude of 
movement. 

After removal of the appendix in the usual manner and inversion of the stump, 
it was possible to demonstrate that the ileocecal junction was in an unusual posi- 



Dosuinn ^ V ^hematic drawing Indicating unusual ileocecal relations and sinistro- 
lnationo 01 1 10 co on as demonstrated both at operation and subsequent x-ray exam- 


t'on. phe small intestine extended from above at the right side of the abdomen 
to unite with the cecum below and to the left. Further investigation showed that 
the entire large intestine was also on the left side of the abdomen, as in the accom- 
lOny.ng diagram (Fig. 1). As no further procedure seemed advisable at the time, 
the abdomen was closed without drainage. 

1 he patient made an uneventful recovery, at no time during his stay in the 
hospital complaining of the pain which had caused him to seek admission. Ho was 
discharged on the twelfth postoperative day. 

Ik'fore discharge, a barium enema was given by I. Schwartz, with the following 
findings: August lit, I9.T0: All of the colon visualized was found in the left of the 
a Hlomen. At the splenic flexure, several redundant loops of colon were visualized, 
lying below nml to the left of the flexure. One loop of gut was traced downward 



INCIPIENT VOLVULUS OF THE CECUM ASSOCIATED 
WITH LEFT-SIDED COLON 

Deport ok Cask, with New X-ray Skin Obtained hy Barium Enema 

Edward It. Easton, M.D., P.A.C.S., New York, N. Y., and 
Joed E. Adams, M.D., Oak Park, Ieu. 

(I'ron the , Suriiical Service, Knickerbocker Hospital) 


A UTIIOKITIES agree thaf a torsion of the intestine on its mesenteric 
axis must lie of at least ISO degrees to constitute a volvulus, since 
pathologic changes rarely begin before that stage is reached. However, 
in the course of an exploratory laparotomy, one sometimes encounters 
a condition that may be regarded as an initial stage of volvulus; i.e., a 
twist of less than ISO degrees. Such a discovery is comparatively rare, 
and as very little can be found in the literature regarding this condition, 
the following case may be of interest as a typical illustration : 


Case Report. — T. C., white, male, twenty-six years old, electrician’s helper. 
Admitted to Knickerbocker Hospital August S, IRSO, complaining of pains in the 
lower abdomen, of three hours’ duration, accompanied by vomiting. 

The patient had taken n bottle of citrate of magnesia several hours before 
onset to relieve constipation, and this had produced two good bowel movements. The 
pains, which were of a very severe, colicky nature, were more pronounced on the 
right side, but did not radiate. Sitting up or coughing increased the pain, but 
other movements had no effect. Patient had vomited food and greenish material 
twice in the past, hour without relief. 

Three months ago the patient suffered a similar attack, but without vomiting. 
The pain lasted for some three hours and then cleared up spontaneously. 

Physical examination was essentially negative, except for the abdomen. Breath- 
ing was costal in typo. There was a generalized moderate rigidity, most pronounced 
in the right lower quadrant. Tenderness on deep palpation over both lower quadrants, 
reaching its maximum over McBurney’s point, and slight, rebound tenderness in 
tho right lower quadrant. There were no masses, and no distention was apparent. 
Resistance in both flanks, but no tenderness. Rectal examination negative. Soon 
after admission the patient vomited again, the vomitus consisting of an intestinal 
content typical of the early stages of obstruction. 

Blood count showed 11,800 white blood cells; 78 per cent polymorphonuelears; 
hemoglobin, SS per cent. Urine negative. Temperature and pulse were only slightly 


above normal. 

The impression was one of acute appendicitis, or possibly a perforated peptic 
ulcer Two and a half hours after admission an exploratory laparotomy was done 
under ether anesthesia. 

' n — -McBurney incision. On opening the peritoneum, a moderate amount 

Operation. was foun(1 . No ascending colon or cecum was seen m tho 

of free, clear - , } s of sma n intestine were encountered, which were 

normal position. , Tllc incis ; on was then prolonged downward in order 

for the most part coliapseu. 

Received for publication, March M. 
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Second Admission . — Since liis discharge on August 20, the patient had been 
troubled with chronic constipation. Bowels had been moved regularly with mineral 
oil. The day before admission, October 6, he noticed dull pains in the lower ab- 
domen, which gradually increased. Vomiting began two or three hours later and 
had continued intermittently. The morning of admission he suffered a violent attack 
of colicky pain, which he said was the same as he experienced prior to his first ad- 
mission. The pain did not radiate. He had a good bowel movement the day be- 
fore but none on the day of admission. 

Abdominal examination was essentially negative, except for an indefinite mass 
in the suprapubic region. No visible peristalsis; no localized tenderness or rigidity; 
no distention. Patient catlieterized after voiding, but no urine obtained. High 
colonic irrigation resulted in the passage of a few fecal particles and some flatus and 
diminished the circumference of the abdomen 1 cm. Temperature, 98; pulse, 72; 
respiration, IS. Blood count, 10,000 white blood cells; SS per cent polymorphonu- 
clears. 

After careful consideration, it was decided that no immediate surgical inter- 
vention was indicated until further x-ray study by means of barium enema could 
he made. This was done on October 8, with meager results. The column of barium 
was, not seen to reach beyond the portion of the large intestine corresponding to 
the ; transverse colon. Considerable gas appeared distributed in the right lower 
quadrant and suprapubic region of the abdomen in a hollow viscus which suggested 
by its conformation part of the large intestine (ascending colon and cecum) (Fig. 2). 
No j great distress was evident following the barium enema, and the patient slept 
comfortably all night. He was examined the next morning by several members of 
the staff, and the roentgenograms were considered. It was decided that there was 
still no indication for an emergency operation. Vomiting continued intermittently. 
Clyscs were given and Wangensteen suction siphonage afforded relief. 

On the morning of October 9, a soapsuds enema produced a considerable return 
of barium. No change was noted in the abdomen at any time during the day. In 
discussion of the case at a staff conference, perforation seemed an unlikely con- 
tingency, and plans were made for an operation of choice, preferably a cecopexy. 

A 5:30 A.M. on October 10, however, the patient was awakened by a sharp gen- 
eralized pain followed by vomiting. The pain was particularly marked about the 
navel. The abdomen became boardlike throughout and tympanic. Liver dullness 
W'as partially obliterated. Temperature, 103.1° F.; respiration, 36; pulse, 132; 
blood count, 7,500 white blood cells; 93 per cent polymorplionuclears. Impression: 
rupture of a viscus, probably due to volvulus with gangrene. 

Operation was begun at 8:00 A.M. Findings: The peritoneum was darkened, and 
when opened a large amount of foul-smelling gas escaped. The peritoneal cavitv 
was loaded with liquid fecal matter and barium. The caput eoli presenting in the 
wound was dilated. This collapsed and a clockwise torsion of the segment of more 
than 180 degrees became apparent. In reducing this torsion, a gangrenous area 7 
or 8 cm. in diameter on the right lateral and anterior aspect of the cecum, about 4 cm. 
distal to the ileocecal junction, was uncovered. At its center there was a perfora- 
tion approximately 1'/. cm. in diameter. 

Procedure . — Lower midline incision of 15 cm. Fecal matter and barium suc- 
tioned out and removed with wet sponges. Perforation temporarily closed with 
curved hemostat. Gangrenous area of cecum exteriorized, and healthy cecal edges 
sutured to the edges of the peritoneum. Penrose drain inserted into pelvis and 
wound left open. Continuous intravenous infusion of glucose and saline started 

The operation took twenty minutes, but ns the patient was already in shock 
with a weak, thready pulse, he did not rally. During the day the infusion was con'- 
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to tlio midlino from the region of the splenic flexure. Its terminal portion was con- 
cealed I iv overlying loops of sigmoid. After expulsion of part of this barium, the 
x-ray appearance did not change appreciably. Twenty-four hours Inter, no spon- 
taneous bowel movement, having occurred, a soapsuds enema was administered and 
till the barium expelled from the colon. 

len days later, following the patient ’s discharge from the hospital, a gastro- 
intestinal series confirmed the above findings. Neither fluoroscopic examination 
nor roentgenogram revealed any abnormality of the duodenum, and as this organ 
was not explored at the time of operation, it was not known whether it had a distinct 
mesentery such as might he expected with nonrotntion of the colon. 


The findings in this ease of a left-sided colon and a volvulus of the 
cecum in nn initial stage of less than ISO degrees were both so unusual 
as to suggest a search of the literature to see if an y similar cases had 
been recorded. The nearest, parallel discovered is that reported by 
Fccan, 1 as follows: 


A woman of twenty-one years of age had been troubled with intermittent di- 
gestive disturbances for two or three years. She had nausea, vomiting, and habitual 
constipation but had never suffered an acute attack of appendicitis. Repeated 
physical examinations failed to reveal any masses. To verify a tentative diag- 
nosis of chronic appendicitis, a radiographic examination was made, which disclosed 
a transposition of the large intestine to tlio loft of the median line and at the same 
time an nhnormnl development of one loop of the sigmoid. It could not ho de- 
termined, however, precisely where the internal border of the cecum was, or if it 
was diseased. Only one. tiling seemed clear — that tile point of tenderness of the 
right iliac fossa was not due to the appendix. 

A barium enema two days later showed exactly the same abnormal topography of 
the large intestine. One could see filling up immediately an enormous sigmoid 
loop, which extended up into the abdomen to the level of tiie second lumbar verte- 
bra. Instead of being stretched out at length, ns is usual in similar cases, it was 
turned at an acute angle to the left of the median line. Next, at the left of this 
double gunbarrcl, the descending colou filled in its turn, became dilated, and the 
splenic flexure was visible in its usual position. At last, a fourth segment filled 
up, at the right of the sigmoid loop this time, very oblique below and at the right, 
extending considerably beyond the median line because of the distention. It showed 
the transverse and ascending colons, their angle being almost obliterated. The 
cecum was superimposed on the rectum and on account of the sigmoid loop could 
not be seen very distinctly. After the injection of at least 1 and Vi liters of opaque 
liquid, four great shadows could he seen juxtaposed from right to left, leaving the 
rin-ht. iliac fossa transparent. Thus two angles were delineated, one in the other, that 
of t hc sigmoid loop on the inside and that of the colon on the outside. 

The examination of this patient relieved her of the incomplete torsion of the 


intestine. 


Since in our case, the patient had no recurrence of symptoms for 
seven weeks and was apparently cured, it was believed that the simple 
f • the partial torsion had brought the same happy results as 

However, on Oclober 7 » sodden dare-op ocenrred, and 

the patient was readmitted t- 1 C'e hospital. 
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Second Admission. — Since liis discharge on August 20, the patient had been 
troubled with chronic constipation. Bowels had been moved regularly with mineral 
oil. The day before admission, October 6, he noticed dull pains in the lower ab- 
domen, which gradually increased. Vomiting began two or three hours later and 
had continued intermittently. The morning of admission he suffered a violent attack 
of colicky pain, which he said was the same as he experienced prior to his first ad- 
mission. The pain did not radiate. He had a good bowel movement the day be- 
fore but none on the day of admission. 

Abdominal examination was essentially negative, except for an indefinite mass 
in the suprapubic region. No visible peristalsis; no localized tenderness or rigidity; 
no distention. Patient catheterized after voiding, but no urine obtained. High 
colonic irrigation resulted in the passage of a few fecal particles and some flatus and 
diminished the circumference of the abdomen 1 cm. Temperature, 98 ; pulse, 72 ; 
respiration, IS. Blood count, 10,000 white blood cells; S8 per cent polymorphonu- 
ciears. 


After careful consideration, it was decided that no immediate surgical inter- 
vention was indicated until further x-ray study by means of barium enema could 
ie made. This was done on October 8, witli meager results. The column of barium 
"as, not seen to reach beyond the portion of the large intestine corresponding to 
t ie ; transverse colon. Considerable gas appeared distributed in the right lower 
quadrant and suprapubic region of the abdomen in a hollow viscus which suggested 
■' As conformation part of the large intestine (ascending colon and cecum) (Pig. 2). 
0 ( great distress was evident following the barium enema, and the patient slept 
comfortably all night. He was examined the next morning by several members of 
ie staff, and the roentgenograms were considered. It was decided that there was 
R dll no indication for an emergency operation. Vomiting continued intermittently. 
Clyses were given and Wangensteen suction siplionage afforded relief. 

On the morning of October 9, a soapsuds enema produced a considerable return 
°f barium. No change was noted in the abdomen at any time during the day. In 
discussion of the case at a staff conference, perforation seemed an unlikely con- 
bngency, and plans were made for an operation of choice, preferably a cecopexy. 

A 5:30 a.m. on October 10, however, the patient was awakened by a sharp gen- 
eralized pain followed by vomiting. The pain was particularly marked about the 
n.uel. The abdomen became boardlike throughout and tympanic. Liver dullness 


"as partialh- obliterated. Temperature, 103.1° F.; respiration, 30; pulse, 132; 
blood count, 7,500 white blood cells; 93 per cent polvmorphonuclears. Impression: 
rupture of a viscus, probably due to volvulus with gangrene. 


Operation was begun at 8:00 A.sr. Findings: The peritoneum was darkened, and 
"hen opened a large amount of foul-smelling gas escaped. The peritoneal cavity 
"as loaded with liquid fecal matter and barium. The caput coli presenting in the 
"ound was dilated. This collapsed and a clockwise torsion of the segment of more 
than 180 degrees became apparent. In reducing this torsion, a gangrenous area 7 
or 8 cm. in diameter on the right lateral and anterior aspect of the cecum, about 4 cm. 
distal to the ileocecal junction, was uncovered. At its center there was a perfora- 
tion approximately l 1 /. cm. in diameter. 


Procedure. Lower inidline incision of 15 cm. Fecal matter and barium suc- 
tioned out and removed with wet sponges. Perforation temporarily closed with 
<ur\cd liemostat. Gangrenous area of cecum exteriorized, and healthv cecal edges 
sutured to the edges of the peritoneum. Penrose drain inserted into pelvis and 
wound left open. Continuous intravenous infusion of glucose and saline started, 
lhe operation took twenty minutes, lmt as the patient was nlreadv in shock 
' 11 " i :i ’ pulse, lie did not rally. During the day the infusion was con 
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linueil, forty drop, prr minute, ..mi ronuni.,,. an,] digalon injooiion* were given to- 
f iKr "' ,<h ,ln «d«q«n1o nmouni of morphine. Despite nil these mcn ,tro« V 

expireil!! Un> “ ** ,0 ^' ilt 2:00 « October 31 , ,£ ^ 

fo lLCt£:r tCm WfaWi,m,i0n ° f <hC ™ ^ -itu the 
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jjg 2 . A, Barium enema five minutes after injection, showing the splenic flexure 

ns a fixed point at the top and the blocking of the column ot barium somewhat lower, 
to the right - also large gas bubble showing site of the volvulus. B, Barium enema 
four hours after administration, showing gas bubble even larger than in A, and typical 
conformation of the large intestine. 

Postmortem. — There was about 500 c.c, of dark fluid having a fee ai odor in the 
peritoneal cavity. There were numerous fresh adhesions about the intestines. The 
P cum was dilated to twice its normal size, and there was a circumscribed area of 
ptl e on its anterior surface about S cm. in diameter, in the center of which 
fas" a perforation about the size of a nickel. A markedly elongated common 
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mesentery was attached to the cecum and terminal ileum, allowing a wide range of 
movement to both structures. The terminal ileum entered the cecum from the right. 
About liA feet from the ileocecal junction, there was an old adhesion of the terminal 
ileum to the parietal peritoneum on the lateral abdominal wall covering the right 
iliac fossa. The ileum was twisted upon itself at this point. 



Fig. 2B. — (See opposite pope for lc'icnd.) 


1 he stomach and duodenum were apparently normal, although the latter appeared 
to bo somewhat more freely movable than usual. Whether a mesentery was attached 
to the duodenum could not be made out. There was no structure suggestive of a 
greater omentum. 

I he ascending colon was located approximately in the midline, running upward 
to about the level of the inferior border of the stomach, where it was fixed firmlv 
to the posterior abdominal wall. The intestine was somewhat constricted at this 
point. It then ran diagonally to the left upper quadrant to form the splenic flexure. 
The descending colon and sigmoid were normal in appearance, course, and relations. 
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J his is n case in which a few comments after the unfortunate event 
may serve as forewarnings to other surgeons confronted with a similar 
situation : 


The recurrence of the same typical colicky pain as on the first admis- 
sion should have constituted a definite warning that volvulus was pres- 
ent. This probability was thoroughly considered by the writers and 
other members of the surgical staff, but. since the patient's symptoms 
were more or less chronic, it seemed advisable at the time to form a 
definite plan for the relief of his condition based on the results of an- 
other barium enema. In the meantime, the temperature, pulse, respira- 
tion, and blood count were so nearly normal as to lull one into a sense 
of security regarding any impending catastrophe, such as gangrene or 
perforation. 

The barium enema itself evidently did not have the beneficial 'effect 
noted in the case reported by Pecan, but on the other hand it may not 
have greatly aggravated the situation. The findings at operation and 
autopsy would seem to indicate that an impaired circulation of the cecum 
supervened at some time between the patient ’s admission to the hospital 
on October 7 and the onset of his acute symptoms at 5 :30 a.m., October 
,10. Whether this was entirely due to the incipient volvulus or partly to 
the anomalous blood supply of the cecum, whereby one of the terminal 
blood vessels became twisted and occluded as a result of torsion of the 
intestine and adhesion of the terminal ileum, is impossible to determine. 

It seems perfectly clear that only one such blood vessel was affected, as 
the area of gangrene was definitely demarcated and the perforation oc- 
curred at its center. 

In view of the operative findings, it is necessary to review the meager 
results of the barium enema administered on the second admission. 
Quite evidently there was an obstruction to the flow of barium into the 
cecum, due to the torsion of the intestine, and the x-ray revealed a dis- 
tended cecum with a large gas bubble in the hypogastrium and some- 
what to the right of the portion of the intestine at which the column 
of barium was blocked in its progress. The significance of this finding 
was not entirely lost upon the writers, and now, in the light of the sub- 
sequent catastrophe, it seems to have been the final indication that opera- 
tion should not have been delayed. 


CONCLUSIONS 

The findiim of a volvulus of the cecum in its initial stages, with a 
clearing up of symptoms on simple untwisting, appears to be sufficiently 
1 n't in nrompt a report of the case. A rather extensive review of 

W teotwM <» "8“ »>•'' simiI " ins,anc ' s! °" C 
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In our case, no attempt was made at the time of operation to correct 
the malposition of this freely movable segment of intestine because of 
the acute symptoms then prevailing. There followed an interval of 
about seven weeks during which the patient was free from symptoms, 
other than chronic constipation. Then a flare-up occurred, accompanied 
by an ill-defined mass in the suprapubic region. While investigation 
was being made to determine a more definitive method of surgical inter- 
ference, conservative treatment resulted in gangrene and perforation, 
from which the patient died. 

Sign . — The authors believe that a new diagnostic sign of great impor- 
tance has been established for volvulus of the cecum : When in the 
course of a barium enema, the column of barium is unable to pass beyond 
a certain point in the region distal to the cecum; i.e., in the ascending 
or transverse colon (organic lesions being excluded) so that the cecum 
itself cannot be properly delineated in its haustral markings by the 
barium, and when at the same time a large collection of gas appears at 
the site of the cecum indicating its patency and conformation, either in 
the midline or slightly to the right of it, as in Fig. 2, this is a clear sign 
that volvulus of the cecum has taken place and is a definite indication 
for emergency operation. 

Holubec 3 reported confirmation of a diagnosis of cecal volvulus by 
means of a lateral x-ray view, but in our case it is questionable whether 
the lateral view, taken before the barium enema, would have given simi- 
lar results. 

In view of this experience, the authors believe that any known case 
of nonrotation of the large intestine with similar indications should 
have immediate surgical intervention, with an operative procedure de- 
signed to fix the loose segment involved. 
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PANCREATIC JUICE AS A FACTOR IN THE ETIOLOGY OF 
GALLBLADDER DISEASE 

John A. Worker, M.D., Chicago, III. 

TN STUDYING Hie literature on the subject of the etiology of gall- 
bladder disease, only a few references are lo be found, chiefly in the 
German, which deal with pancreatic juice as a possible factor. In con- 
trast, it is the consensus of opinion that bile plays a distinct role in the 
causation of acute pancreatic necrosis. As one analyzes the latter postu- 
lation (i.e., that, bile can be forced into the pancreatic duct and due to 
its action upon the pancreatic juice, or the pancreas itself, produce vary- 
ing types of pancreatic disease), it would seem equally possible, or even 
probable, that pancreatic juice may enter the biliary ducts, and since 
the action of pancreatic juice may, under condition of activation, be very 
corrosive, lead to destructive changes in the biliary system. Therefore 
it. may be pertinent to analyze further the problem with a view to clear- 
ing the hypothesis that pancreatic juice may be a factor to be considered 
in the etiology of gallbladder disease. 


EMBRYOLOGIC CONSIDERATIONS 


The liver with its ducts arises, in embryo, from a budlike projection of 
the main gastrointestinal stem. This diverticulum appears very early as 
a small budlike knob. The hepatic duct, including the larger intra- 
hepatic duets which secondarily grow and subdivide from it, and the 
ductus choledochus are the stem portions of the original hepatic 
diverticulum; the gallbladder and its cystic duct represent a special 
offshoot of the early diverticulum. The pancreas arises from two buds, 
the dorsal and the ventral. The smaller, or ventral, bud appears in the 
caudal angle between the gut and the liver diverticulum. Often this 


ventral pancreatic bud comes off directly from the hepatic lube, and ns 
the common duet lengthens, it carries away with it the duct of that 
portion of the pancreas. (Fig. 1.) The dorsal and larger bud arises 
on the dorsal side of the gastrointestinal stem at a slightly higher level. 
With rotation of the gastrointestinal stem the smaller, or ventral, portion 
of the pancreas will be found lying adjacent to and inferior to the larger 
dorsal portion. Fusion of the two parts takes place while the duet of the 
dorsal pancreas is still the major duct. After fusion of the two portions 
the pancreas, the ducts become connected, the ventral duet becoming 
,, n “\yirsung, while the dorsal atrophies to form the 

oTsantini. (Fig. 2.) This cmbryologic development forms the 
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basis of reasoning relatively to adult anatomic arrangement of the ductus 
elioledoehus and the major pancreatic duet. 


ANATOMIC CONSIDERATIONS 

A study of the embryology clearly indicates that there must appear 
in a considerable number of eases a high union between the common 
and pancreatic duets, since in those cases in which the ventral pancreatic 
bud comes off the hepatic diverticulum, it is carried away from the 
gastrointestinal stem as the common duct lengthens. Many anatomic 
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Developmental Anatomy, Philadelphia, 1934, \\\ B. Saunders Company.) 


studies have been made in an effort to determine the variations in the 
adult of the relationship between the common and pancreatic ducts at 
their junction near their exit into the duodenum, especially as to whether 
a common passageway could he demonstrated. All investigators have 
pointed out that, in the event of a common ampulla which is obstructed 
hv a calculus, a continuous pathway between the pancreatic and biliary 
passages can exist only if the common ampulla has a length greater 
than the diameter of Hie duodenal orifice. In some carefully con- 
ducted studies on WCI necropsy specimens. Cameron and Noble demon- 
stiatcd that in Go per cent it was anatomically possible for a biliary 
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M,CD,US ]od S ed in lhc ampulla of Voter to cause a reflux of bile up 
the duct of Wirsung, or to cause a continuous pathway between the 
biliary and pancreatic systems. Wcstphal and Bugc stated that the 
percentages were 84 per cent and 75 per cent respectively, whereas 
Mann and Giordano found that in only 3.5 per cent is it anatomically 
possible for an obstruction at the duodenal end of the ampulla to con- 
\oit the ducts into a continuous pathway. Prom these anatomic studies 
it. must be concluded that in a large percentage of cases, in the event 
of an obstruct ion at the duodenal oriflee by a calculus, a frcclv conn 
implicating passageway is formed between the biliary and pancreatic 
systems in which bile may enter the pancreatic ducts and pancreatic 
juice into the biliary system. 


Other factors than calculi may play a role in the process of partial 
or intermittent duct occlusion at the papilla, thus forming a continuous 
pathway. Archibald believed that a spasm of the sphincter of Oddi 
might lead to increased pressure within the ducts, thus forcing bile 
into the pancreatic duct, causing pancreatic necrosis. This is con- 
troverted by Moynihan, and Mann and Giordano. Del Valle called 
attention to pathologic changes at the outlet of the ampulla, the result 
of stone, with infection, which he classified as: 1, hypertrophic papil- 
litis; 2, atrophic papillitis; 3, erosive papillitis; 4, cholesterinie papil- 
litis; 5, vegetative papillitis; and 6, phagedenic papillitis. Del Valle 
believed that these lesions accounted for the painful and distressing 
syndromes which occurred, at times, after gallstone operations and that 
the mechanism involved was spastic irritability of the sphincter with, in 
sojne instances, cicatrization and obstruction at the duodenal orifice. 

If the hypothesis of a common pathway between the biliary and 


pancreatic systems is accepted, it becomes obvious that an interchange 
of pancreatic juice and bile in the ducts is possible. Nordmann ligated 
the ampulla and subsequently found bile in the dilated pancreatic ducts 
of the experimental animal. Delmore reported an instance in which, 
during an appendectomy, the gallbladder was squeezed in order to 
determine whether it would empty. Within twenty-four hours an acute 
pancreatitis developed. These observations would lend credence to 
the theory that it is possible for bile to enter the pancreatic system. 
Harms and Dragstadt have shown that during the height of digestion 
the pancreatic secretory pressure is greater than the biliary, therefore 
„ reflux of pancreatic juice into the biliary ducts might be anticipated. 
We have shown that India ink introduced into the terminal end of the 
duet of the dog will, at times, enter the gallbladder; lienee, 
“"^0 Ms” us w W. *' '"»>• 
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may enter the gallbladder, it then remains to be proved what effect the 
pancreatic juice will have upon the ducts, liver, or gallbladder. 

The entity, “acute nonperforative biliary peritonitis,” was first de- 
scribed in 1910 by Clairmont and Haberer, their theory being that 
bile filtered through the wall of the gallbladder in the presence of duct 
occlusion. In 1918, Blad proved, however, by animal experiments, that 
the instillation of pancreatic juice into the gallbladder produced a 
biliary peritonitis in which the macroscopic appearance of the gall- 
bladder was normal while microscopically extensive necrosis existed. 
We have corroborated this finding. The admixture of the bile with 
pancreatic juice leads to a “digestion necrosis” of the walls of the gall- 
bladder, the bile passing through the wall of the gallbladder into the 
free peritoneal cavity. In 1923, Seifert observed a clinical case in which 
diastase was found in the bile, and in 1924, Schonbauer reported a case 
of gangrenous cholecystitis with a biliary exudate in the peritoneal 
cavity, trypsin being present in the bile. Bundscliuh, in 1927, reported 
a case with a stone impacted in the ampulla and with a nonperforative 
biliary peritonitis in which pancreatic enzymes were isolated from the 
peritoneal fluid. In 1928, Ruppancr also reported a case of a stone 
impacted in the ampulla with biliary peritonitis in which pancreatic 
enzymes were found in the bile. In 1930, Popper reported a very in- 
teresting case : 


Case Report. — A male, aged fifty-one years, was operated upon because of acute 
abdominal symptoms referable to the riglit side of tlie abdomen, a tentative diag- 
nosis of acute appendicitis or acute cholecystitis having been made. Upon opening 
the abdomen, a large amount of a bile-stained fluid was found with fat necrosis of 
the omentum in the vicinity of the gallbladder. The gallbladder was found to be 
distended, large, and very tense, and the wall appeared to be edematous. The com- 
mon duct was enlarged to the size of a thumb. There was no evidence of a per- 
foration of the gallbladder; the stomach and duodenum appeared normal; and there 
was no evidence of tumor growth or obstruction. The pancreas was somewhat en- 
larged and firmer than normal, but no striking gross changes were noted. The 
gallbladder bile was turbid and dark green; no stones were found in the gallbladder 
or common duct, a large sound passing readily through the papilla. A cholecystectomy 
and drainage of the common duct were performed, and the patient recovered. The 


peritoneal exudate contained diastase values of df-^Q — 1021, and the gallbladder 
bile, <lf-~ = 4090; trypsin could not be detected in the peritoneal exudate, which 


contained albumin; however, the gallbladder bile contained 9 units by the Fuld 
and Gross technic. At the time of operation, the blood diastase values were df 

:ts_ 

— 02- The peritoneal exudate and the gallbladder contents were sterile, and the 


gallbladder, aside from being red, revealed neither gross nor microscopic, changes. 
Lome rous examinations were made of the biliary drainage in the days following the 
operation, but no evidence of pancreatic enzymes could be found: however, on the 
twelfth postoperative day, the drainage material was darker in color and cloudy. 
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Examination revealed diastase values of df -J| - 40!>G and trypsin 8 units. These 

findings lasted only a few hours, and pancreatic enzymes were never a vain found 
in the biliary drainage. 


Popper reasons that a small calculus became impacted in the papilla 
allowing: pancreatic juice to find its way into the gallbladder, thus 
causing the pathologic picture; the calculus was forced through the 
papilla before the operation was performed, but a'n undiscovered stone 
remained in the dilated duct which later obstructed the papilla for a 
short period of time and was then expelled into the duodenum. Popper 
explains the process of acute nonperforative biliary peritonitis on the 
basis of obstruction of the biliary passage at the ampulla by stone; 
dilatation of the duets follows, and there is a mixture of bile and 
pancreatic juices in the dilated ducts. Due to the excess of pressure in 
tlie pancreatic system, bile mixed with pancreatic juice enters the gall- 
bladder and is rendered diffusible so that it passes through the wall 
of the dilated gallbladder. Bernhard, Dziembowski, and Brackertz 
have reported cases of nonperforative biliary peritonitis, and in 1934, 
Melclioir reported three eases. Bernhard stated, in 1931, that seventy 
cases had been observed and reported since the condition was first men- 
tioned by Clairmont. and Ilaberer. Birgfeld, in 1931, reported a typical 
ease which followed a gastric resection for ulcer. 

It must be conceded that whatever may be the mechanism of produc- 
tion of acute nonperforative biliary peritonitis, pancreatic enzymes have 
been found in the gallbladder contents and in the peritoneal fluid in 
these cases; also, that in some instances, notably those of Blad, 
Bundschuh, and Ruppaner, extensive necrosis of the gallbladder wall 
was present. Popper has, in my opinion, proved that the diastase is not 
carried to the gallbladder or peritoneum by way of the blood stream, 
but that it enters the gallbladder by a direct route, via the biliary and 
pancreatic passages. Since pancreatic enzymes are found in the gall- 
bladder contents and peritoneal fluid, in cases of acute nonperforative 
biliary peritonitis, the question remains whether it may be the inciting 
factor in the production of changes in the wall of the gallbladder noted 
in some of these eases, and whether it may also produce other and less 
extensive pathologic changes noted in cases of acute, subacute, and 


chronic cholecystitis. 

In 1931 I reported a series of experiments in which it was demon- 
otmtpd that when pancreatic juice was introduced into the gallbladder, 
degenerative changes occurred in the wall of the gallbladder. 

These experiments consisted of: (1) a single injection of pancreatic 
• T • tn the gallbladder through a hypodermic needle; (2) multiple 
tic juice into the gallbladder through » eholreys- 
, ejections P injection o £ pancreatic juice into the cystic 

Stough ’a hypodermic ncrflo, (4) a single injection o! pancreatic 
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juice into the common duct through a hypodermic needle; and (5) the 
continuous introduction of pancreatic juice into the common duct by 
means of a special preparation (choledochopancreatie intubation). 

In every instance the gallbaldder wall showed evidence of pathology , 
a normal gallbladder was never found in which the procedure or P 1 op- 
eration used was considered successful. In every instance in which 
cultures were made, -they were positive ; the predominating organisms 
found were staphylococci and the colon group. The pathologic changes 
were characterized as degenerative and regenerative. In the accepted 
experiments, seventeen animals showed complete necrosis of the gall- 
bladder, while eight showed incomplete necrosis with some evidence of 
reparative effort. In nineteen animals, the changes were classed as re- 
generative ; these included hypertrophic, hyperplastic, and inflammatory 
reactions. The details of these experiments were published in 1931. 
It was noted “that the changes in the wall of the gallbladder have a 
degree of similarity, whether the pancreatic juice was introduced di- 
rectly into the gallbladder through a needle, injected into the cystic 
duct or common duct with a needle, or continuously introduced into 
the common duct by means of a special preparation, choledocho- 
pancreatic intubation. It would seem that the sudden introduction of 
a relatively large amount of pancreatic juice, 20 c.c., is more likely to 
produce extensive changes than when smaller amounts arc injected oi 
when a choledochopancreatie intubation is used.” 

The conclusions drawn at that time were as follows : A study of 

the microscopic changes in the various gallbladders would lead one to 
believe that under some conditions, the pancreatic juice brought about 
a prompt destructive action on the wall of the gallbladder as represented 
by a noninflammatory necrosis with edema. At other times, only partial 
necrosis took place with ulceration of the mucosa with, at times, rather 
marked changes in the muscular wall and thickening of the serosa. The 
changes in the muscular and serous coats appeared to be a reactionary 
response of the tissues to the destructive agent; inflammatory cells were 
called forth ; edema was present ; and in every way the process looked 
like typical inflammatory reaction.” 

In some instances, the process was typically a reactionary or inflamma- 
tory response as evidence that necrosis was either absent or present in a 
minor degree. There were all degrees of reaction from acute inflamma- 
tory manifestations with leucocytic infiltration and edema to the typical 
chronic changes characterized by lymphoid and papillary hyperplasia 
and cyst, formation. The question arose as to whether the necrosis may 
not have been a postmortem process, either an autolysis or a postmortem 
digestion of the gallbladder wall by the pancreatic juice which had been 
introduced during the time of the experiment, and that the pancreatic 
juice did not attack the living tissues. Wc arc convinced that in those 
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animals in which the autopsy was performed immediately after death 
and in those which were killed and the autopsy immediately performed, 
the necrosis was antemortem and associated with the introduction of 
pancreatic juice. 


These experimental observations bear a close relationship with those 
of Blad, Schonbauer, Wcstphal, and Brackcrtz. Wcstphnl used human 
duodenal juice which had been assayed as to trypsin and amylase con- 
tent and passed through a Bcrkcfcld filter to insure sterility. He 
introduced the duodenal juice into the gallbladder by a transdnodenal 
cannulization of the common duct using a small catheter, thus obviating 
the possibility of trauma to either the ducts or gallbladder. He noted 
in two dogs, four or five minutes after the introduction of the duodenal 
juice, that the gallbladder showed evidence of gross changes. In one dog 
which died ten hours after the introduction of 8 e.c. of duodenal juice, 
the gallbladder was completely necrotic. 

Andrews, Goff, and Hrdina have shown that when pancreatic juice 
was introduced into the gallbladder of the dog, pathologic changes 
occurred in every instance; however, when the pancreatic juice was 
passed through a Bcrkcfcld filler, the changes were very much less, 
Brackcrtz concluded from his experiments that pancreatic extract 
mixed with colon bacilli when introduced into the common duet in the 
presence of stasis leads to necrosis of the wall of the gallbladder within 
twelve hours, but that pancreatic juice alone with stasis or pancreatic 
juice mixed with colon bacilli without stasis causes no changes in the 
wall of the gallbladder. These conclusions suggest that a bacterial con- 
tamination may be a deciding factor in the mechanism. Again we may 
turn our attention to work done on the relationship of the bile as a factor 
in the production of acute pancreatic necrosis. The observations of 
Nordmann have already been alluded to. With simple ligation at the 


ampulla, the pancreatic ducts were dilated; the contents consisted 
of bile-stained fluid, but there existed no necrosis of the pancreas. 
With the introduction of cultures of dog’s feces into the gallbladder, 


prompt necrosis of the pancreas occurred. Binet and Brocq introduced 
sterile pus from an old empyema into the duct of Wirsung of an experi- 
mental animal, and acute necrosis of the pancreas resulted. Lombardi, 
in discussing the subject of pancreatic juice activation as a factor in the 
production of acute pancreatic necrosis, states that the enzymes arc 
known to be activated by certain substances, such as enterokinase, a 
secretion of the upper intestinal tract. He also believes that t here is a 
. , • , nP i, as may be liberated by leucocytes and perhaps other 
h r,S il cteX L Relative to tl.c ■»«». it k difflenl. to det..- 
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operations can be performed upon the pancreas without subsequent 
necrosis if three precepts are observed: sharp dissection, complete 
hemostasis, and no infection. 

It would appear that bacteria play a role in the experimental pro- 
duction of pathologic changes in the gallbladder with the use of pan- 
creatic ■ juice.. It is a known fact that gallbladder disease cannot be 
produced by the introduction of bacteria into the gallbladder, but it 
has been conclusively proved that pancreatic juice, with bacteria, leads 
to varying degrees of changes in the wall of the gallbladder. Unacti- 
vated, sterile pancreatic juice is practically inert, for Dragstadt lias 
shown that 100 c.c. of pancreatie juice which has been passed through 
a Berkefeld filter can be introduced into the peritoneal cavity of a dog 
and cause no disturbance or fat necrosis, but 50 c.c., or less, 'when not 
passed through a Berlrfeld filter, will produce death. On the other hand, 
bacteria are commonly present in the biliary and pancreatie secretions. 
It- is known that, in the dog, in 70 per cent of cases, the mucosa of the 
gallbladder contains bacteria, and in 30 per cent, the bile contains colon 
bacilli and staphylococci ; moreover, Dragstadt reports that in 90 per 
cent of experimental animals, the pancreas yields positive cultures. 
Considering the fact that the dietary habits of the human are not those 
of the dog, nevertheless, it is reasonable to conclude that frequently in 
the human being the bile and pancreatic secretion will contain bacteria. 

The preponderance of the experimental evidence indicates that stasis 
is an important factor in the production of gallbladder disturbance 
when pancreatic juice is mixed with the bile. In the human being, 
stasis is relatively common. It may be a purely functional affair or 
produced by disease of the papilla or due to intermittent occlusion at 
the papilla by stone. I am of the opinion that low grade stasis, such 
as may be produced by spasm or partial stenosis at the papilla, is more 
likely to produce a pancreatic juice reflux into the gallbladder than 
stone impaction in the ampulla. The probability of an impaction of a 
small stone in the papilla, thus creating a continuous pathway, requires 
;i high union of the two ducts so that the stone will not interfere with 
the passageway between the biliary and pancreatic ducts. This may be 
relatively uncommon. Birgfeld cites a case in which, after a gastric 
resection, the patient developed an acute biliary peritonitis. At opera- 
tion the duodenal stump was found to be well closed, but the gallbladder 
was markedly distended and dark greenish brown in color. He at- 
tributed t be change in the gallbladder to a reflux of duodenal contents 
into the biliary passages, since later be demonstrated in this individual 
by roentgen study that the barium entered the duodenum and distended 
it. A man upon whom I bad performed a posterior gastroenterostomy 
lor a pyloric carcinoma died approximately twelve days after the opera- 
tion. The autopsy disclosed a gangrenous cholecystitis. It is entirely 
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possible that in these eases a reflux of pancreatic juice may have been 
.be ctiologie factor in the production of the gallbladder pathology. 


HYPOTHESIS 


Embryologic and anatomic evidence indicates that it is possible, 
in the human, for a continuous pathway to exist between the pan- 
es eatic and biliary systems in a considerable percentage of eases. 
Since the secretory pressure of the pancreas is greater than that of 
the biliary system, in the presence of obstruction at the papilla, it is 
possible for pancreatic secretions to mix with bile in the common duct. 
The obstruction may be complete, such as that produced by a stone 
impacted in the ampulla ,• or it may be incomplete or intermittent. Ivy 
lias shown that biliary stasis is common without definite organic ob- 


struction of the duct at its entrance into the duodenum. There are 
many clinical examples proving the fact that the pancreatic juice may 
enter the gallbladder and that, associated with this phenomenon, there 
may exist necrosis of the gallbladder with or without a biliary peri- 
tonitis. A number of observers have called attention to eases of acute 


gangrenous cholecystitis in which cultures from the gallbladder walls 
or contents were sterile, the process suggesting an acute digestion of 
the gallbladder wall. Itecentl.v Colp, Gerber, and Doubilet reported 
three cases of acute cholecystitis, the gallbladder bile in two contain- 
ing both amylase and trypsin and in one containing only amylase. In 
two cases, cultures were negative, the other revealing both Bacillus 
Fricdlanclcr and Bacillus coli. In two cases, free bile was present in 
the peritoneal cavity, and in one ease, fat necrosis was present through- 
out the gallbladder wall and in the omentum adherent to the gallbladder. 
Experimental evidence clearly indicates that the pancreatic juice may 
affect the walls of the gallbladder under variable conditions and produce 
different types of changes, varying from acute necrosis to chronic hyper- 
plastic and inflammatory reactions. Assuming these observations to he 
true,- the following hypothesis may be constructed: 

Under normal conditions the bile passes through the ducts to be 
emptied into the duodenum, some entering the gallbladder to be con- 
centrated and later to be expelled into the common duct. The pan- 
creatic juice may enter the duodenum by a direct passage or may fuse 
with the bile in the ampulla. Brack ertz has shown experimentally 
that even in the presence of extensive changes in the gallbladder wall, 
due to the presence of pancreatic juice the bile ducts are not involved. 
Ue believes this is due to the fact that there is much more elastic 
tissue underlying the mucosa of the duets than is in the wall of the 
b , 1pl . The elastic tissue is very resistant to the action of pan- 
gallbla • experiments in which lie introduced pancreatic ex- 

tract’ mixed with colon bacilli into the common duct and obstructed 
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the duct, marked changes took place in the Avail of the gallbladder, 
but the ducts remained normal except for, at times, localized necrotic 
changes in the Avail of the duct at the site of the duct puncture. It is 
therefore logical to assume that Avithout stasis and Avith normal ana- 
tomic and physiologic mechanisms eA r en though the duct bile may be 
mixed A\ r itlx pancreatic juice no pathologic changes take place in the 
biliary passages. 

With Ioav grade stasis in the biliary passages such as may be produced 
by disturbed papillary function or by complete or incomplete obstruc- 
tion at the duodenal end of the biliary and pancreatic duets, the bile 
mixed Avith pancreatic juice may remain in the ducts for a consider- 
able time, the bile-pancreatic juice ratio being altered, and A'ariable 
amounts of pancreatic juice enter the gallbladder. The disturbance 
created in the gallbladder Avill then depend upon knoAvn and unknoAini 
factors. If the pancreatic juice content is Ioav and no bacterial con- 
tamination is present, no changes may occur in the Avail of the gall- 
bladder. If, hoAvever, the pancreatic juice content is higher, the stasis 
prolonged, and possibly a Ioav grade bacterial contamination is present, 
changes may occur as described by AndreAvs, Goff, and Hrdiua. Tliej’- 
have slioAvn Avith the introduction of pancreatic juice into the gall- 
bladder of the dog that the cholesterol content of the bile is not 
altered, but that the concentration of the bile salts is reduced to less 
than one third. In five experments, Avith unfiltered pancreatic juice, 
all the bile salts had been absorbed leaving the cholesterol precipitated. 
Therefore, in the human being, the Ioav dilution stage may be a factor 
m the production of gallstones. When the concentration of pancreatic 
enzymes in the gallbladder bile is high, the pathologic changes produced 
■"'ill depend upon complete or incomplete act.h’ation of the pancreatic 
enzymes in greater or lesser dilution in contact for short or long periods 
°f time, sufficient time and concentration being necessary for necrosis. 

It is not the purpose of this paper to convey the idea that all cases 
ot cholecystitis or gallstones are produced by a reflux of pancreatic 
juice into the gallbladder; hoAvever, I am convinced that the cause of 
selected cases of acute necrosis and acute gangrenous cholecystitis and 
also cases of chronic cholecystitis Avith or Avithout stone can be found in 
a reflux of pancreatic juice into the gallbladder. 
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THE EQUAL DIVISION AND DISTRIBUTION OF THE DIET 
AND INSULIN IN TREATING THE DIABETIC WITH SURGICAL 
COMPLICATIONS AND ACUTE INFECTIONS* 

Garfield G. Duncan, M.D., Ferdinand Fetter, M.D., Philadelphia, 
Pa., and John Durkin, M.D., Bryn Mawr, Pa. 

A NEED exists for an outline of a simple, practical, and effective 
'**■ treatment for diabetic patients having acute infections and sur- 
gical complications. 

Much has been -written on the various types of diet for these pa- 
tients, but little has been said of its distribution, or of that of the in- 
sulin. This results in confusion to all but specialists in the treatment 
of diabetes. Clarke and others 1 reported benefits from equal division 
of the insulin with frequent administrations, but apparently the diet 
was not so altered. 

The prescribing of the total diet may be dispensed with by noting that 
the average adult for each twenty-four hours requires a minimum of 
~A gm. protein per kilogram of body weight, and more in prolonged 
fevers. The carbohydrate allowance is at least 150 gm. and preferably 
200 or higher in the overweight patient. The fat quota is low but is 
sufficient to keep the total calories at 25 per kilogram of body weight or 
higher in prolonged fevers. 

It is sufficient to say that all diabetics with acute infections, fever, 
or those requiring surgery should receive unmodified insulin tempo- 
rai'ily at least. 

diet and insulin distribution 

In dealing with acute infections and postoperative and postketotie 
diabetic patients and recently during confinement of our pregnancy 
cases, we have adopted the practice of dividing the diet — liquid, soft, 
or combined as indicated — into four, five, or six equal feedings accord- 
ing to the intensity of the fever, the magnitude of the operation, the 
severity of the diabetes and the necessity of having these feedings 
equally spaced in the twenty-four hours. Similarly the insulin is equally 
divided so that each dose precedes or, in Ihe case of digestive upsets, may 
follow each feeding. This regime has been illustrated in a previous 
publication. 2 

Following operations, for six to twenty-four hours, when oral feeding 
may he impractical, or at other times when the patient is unable to take 
food hv mouth, the carbohydrate equivalent of a feeding may be given 

il.w.n'ifl'V!"'#'." 1 . !' 10 minlcnl Concr<\'s of the Amorim n Collier „f Surcron*. J'hlln- 
1 M"Ua. « it., Ufloher, ISrtG. 

Ki'ri-lvi'J for Publication. December 29. IMG. 
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intravenously m Hie form of glucose, 5 or 10 per cent solution, at the 
scheduled feeding limes. In this even!, two-thirds of the planned dose 
of insulin is given. 

In presenting the basis for tin's treatment, a word about the effects 
which changes in the total metabolism have on diabetes is appropriate, 
because these changes indicate the alteration of the program from that 
for the noncomplieated to that for the complicated diabetic. Allen, 
and lii.s associates, 3 proved that a reduction in body weight, as a 
result of undermitrition, improved the diabetic’s food tolerance and 
that an increase in the body weight bad the opposite effect. It is 
well known that if a diabetic, standardized on a diet and insulin 
regime, gains in weight, the insulin need is increased. This is 
especially noticeable in children. Hyperthyroidism, 4 ' 6 adrenal 7 and 
certain pituitary tumors also aggravate the diabetes and in conse- 
quence increase the insulin requirement. In the event of pregnancy, 6 
infection, 0 fever, and toxemia (see illustrative cases below), desic- 
cated thyroid, - ' 10 epinephrine, dinitroplienol or prolonged roentgen 
ray therapy, increased calorie intake, and some eases of acute myocardial 
insufficiency, the same result ensues. In other words, any factor, 
physical exercise excepted , which increases the total metabolism, increases 
the insulin need. The previous dosage becomes inadequate. The reverse 
is also true. Removal of the thyroid gland in man, as shown by Wilder,” 
and Rudy, 12 or the anterior pituitary or adrenals as proved experi- 
mentally by Houssay and Biasotti, 13 Long and Lukens, 14 and others, 
lessens the severity but does not cure the diabetes; so also does a reduc- 
tion in weight (Benedict. 15 found that a loss of 10 per cent of the body 
weight decreased the total metabolism 19 per cent), a reduction in the 
calorie intake, eradication of infection or toxemia, stopping desiccated 
thyroid, 5, 10 ’ 15 epinephrine or dinitroplienol therapy, giving iodides to 
diabetics with Graves’ disease, 14 ’ 38 the spontaneous development of 


myxedema,” and approaching old age.* Though altering body physi- 
ology in divergent ways, these conditions in common reduce the total 
metabolism and simultaneously alleviate the diabetes. Exception is 


made to the cessation of physical exercise, which, while decreasing the 
total metabolism, does not alleviate the diabetes, but has rather the 
opposite effect. A relative and absolute increase in combustion of car- 
bohydrate coincident with physical work done may account, for the 
decrease in the blood sugar which accompanies the increased total metab- 
olism associated with physical exercise and vice versa. 

The total metabolism must not be confused with the basal metnbohsm. 

SI" *. — - ■»' * ■— — 

~ in old age accounts, vc believe, for the 

* T kably C fewnew cases°of dSbetes in people over slxty-flvc years of age- 
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area of a patient weighing 120 kg. but whose normal weight is 80 kg. 
It is obvious, however, that the total metabolism is above that of the 
normal person of the same age, height, and sex. 

Clinically, increases in the total metabolism, that due to physical 
exercise excepted, shorten the period of insulin effectiveness. The dose 
of insulin which previously maintained a satisfactory blood sugar con- 
centration no longer does so, hence the need for larger doses or an 
approximation, and an increased number of doses is created. 

The uncomplicated diabetic exercises in the daytime. It is physiologic 
that the diet and insulin should be given at this time when the metabolic 
activity is greatest. 

The diabetic with infection or fever confined in bed — thus deprived 
of the influence which exercise has on the oxidation of sugar — has an 
increased total metabolism throughout the twenty-four hours, hence 
die need for food and insulin is equally as great at night as in the day- 
time. These needs are best supplied with least difficulty and, to our 
belief, with best results by frequent and equal spacing of insulin and 
meals. Illustrative cases as well as a summary of eighty cases are pre- 
sented. By virtue of this equal 'division and spacing of the diet, the 
insulin can be divided into equal doses. The insulin, based on the re- 
sults of fractional urinalyses, a specimen before each feeding being ex- 
amined, is increased to overcome glycosuria and hyperglycemia, or de- 
creased when the need arises to prevent insulin reactions. 

Six feedings and six doses of insulin are used in the presence of 
severe infections, high fever, and immediately after surgical operations 
(four hourly feedings). The less severe infections with moderate fever 
°r a moderating severe infection would indicate a division into five 
meals and five doses of insulin given at five-hour intervals, and a mild 
fever or a mild infection, four meals and four doses of insulin given 
at six-hour intervals. Three meals and three closes are resumed when 
convalescence is established. 

ILLUSTRATIVE CASES 

(-ask 1. — F. II. j female, aged sixty-seven years, was admitted to the Pennsylvania 
Hospital on March 2, 1934, for the treatment of diabetes and gangrene. She com- 
plained of severe pains in her legs. Her family history was unimportant, and her 
onlj past illness was pneumonia in childhood. 

1 resent Illness: In 1931, after a minor injury to her right great toe, a vesicle 
appeared at the site of injury. The entire toe became inflamed. Glycosuria was 
found, and a diagnosis of diabetes with gangrene was made. A special diet and 
insulin were given, and the patient was eonfined to bed for five weeks with good re- 
sults. 

l ive days prior to admission, another vesicle appeared on the fifth toe of the left 
foot. I he underlying tissues became black. At this time, an ulcer appeared on the 
distal third of the right leg. 

Ihc pnsitnc findings on physical examination were: undernutrition, marked 
HI .cmng of the peripheral arteries, arterial hypertension, retraction of the loft 
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nipple with an irregular muss, which proved to be a benign tumor in the left upper 
quadrant of the breast, emphysema with fine crackling riilcs at the base of each 
lung, and mitral insufficiency with enlargement of the heart. There was a feeble 
pulsation in both dorsalis pedis arteries, and the feet were cool to touch The 
affected toe was gangrenous, emitting a foul odor and a purulent discharge. 

The Patient was considered a poor surgical risk. Watchful waiting was advised 
by the surgeons. 

Insulin was begun again on May 4 and was steadily increased. In May and 
.Tune, the gangrene extended, involving the plantar surface of the foot with profuse 
purulent discharge. There was continued fever. Radical amputation was decided 
upon. 

Control of the diabetes was maintained by adding to the insulin, which was given 
in five doses, and with a diet of 70 gm. of protein, 30 gm. of fat, and 200 gm. of 
carbohydrate (1,400 calories) (sec Table I). The diet was given in five equal feed- 
ings evenly distributed throughout the twenty-four hours (five hourly intervals). 

On the day of operation, June G, the usual amounts of insulin were given before 
liquid meals at 7:00 a.m. and 10:00 A.M. At 11:45 A.xr. a spinal anesthetic 
(ncocaine) was administered, and at midday 10 units of insulin were given. The 
left leg was then amputated at the midthigh level by Dr. A. Walkling. Following 
the operation 250 c.c. of a 10 per cent solution of glucose was given intravenously. 
This was repeated at 4:00 v.M. with 20 units of insulin. Ginger ale and orange 
juice were given freely. 

The liquid meals, 0, equally spaced, in twenty-four hours, were resumed at 8:00 
P.M., each being preceded by 22 units of insulin. House diet of appropriate values 
was allowed on June 8. A rapid decrease in the insulin need ensued. On June 13, 
the feedings and insulin doses were reduced to 5 in number, and on June lo, to 4. 
Uneventful recovery ensued. 


Case 2. — H. M., male, insurance salesman, aged 20 years, weight GG kg. (140 
pounds), entered the Pennsylvania Hospital January 1, 193G, complaining of pain 
in back, made worse by deep breathing, fever, and general weakness. 

Family History: Irrelevant. Past Illnesses: Influenza in 191S, furuncle in groin 
in 1920, and the diabetes recognized in 1032. This was controlled by a weighed 
diet with insulin 3 times daily. The dosage at the onset of the present illness was 
20 units before breakfast, 12 before lunch, and 14 in the evening. 

Present Illness: On December 15, he contracted an acute upper respiratory tract 
infection. He continued at work with no improvement and was seen by one of us 
(G. G. D.) on December 27. He had a nasal discharge and a productive cough 
but no fever. On January 1, he was awakened by a sharp, stabbing pain in the 
left side of his back. A productive mucopurulent and increasingly blood-streaked 
sputum followed, and he lmd a severe chill. He became nauseated, and because of 
this omitted his noon insulin. The evening nourishment and insulin were taken. 
He was then seen by Dr. C. Nissler who, finding early signs of lobar pneumonin, 


advised his admission. 

Phvsical Examination: Appeared acutely and seriously ill, temperature, 104 1'.; 
- lUp ini. respirations, 28; blood pressure, 120/G0; moderate cyanosis of mucous 
Lmb ’• f ac e flushed, tongue coated, dental caries, nasal discharge injection 
, nnlmrvnx limited expansion with dullness to percussion, and moderate sup- 
° f L of breath sounds over the right lower lobe. The liver edge was palpable. 
? reSS1 , O January 2, the signs of consolidation were pronounced. 

The patient 5 of ' ^sanguineous fluid were removed. On January <. 

were observed, an • consolidation of the entire right upper lobe 

he was quite jaundiced, and signs or 



Diet, Insulin Treatment, and Laboratory Data of a Diabetic Patient With 
Gangrene Necessitating Amputation. Case 1- 
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Table II* 

Diabetes Complicated by Lobar Pneumonia, Care 
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Table III 

Disorders Complicating Diabetes With Illustrative Diet and Insulin Regimes .Employed 
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\u(h beginning resolution sit flic base were noted. One hundred cubic centimeters 
of serous fluid wero removed. Clinical improvement with a fall in temperature by 
lysis, lending to recovery, began on January S. 

Laboratory Studies: Studies pertaining to the diabetes arc presented in Table 
H. The urinalysis (on admission) was normal except for the presence of dumps 
of white blood cells. Blood Count: January 2, hgb. 77 per cent; R.B.C., 3,920,000; 
AV.B.C., 10,350. January 3, 15,300; January 12, 10,000. The' blood AVassermann 
reaction and the Kahn precipitation tests wero negative. 

Sputum: Culture and routine typing, pneumonia Type I — pathogenic to mice. 
Pleural fluid: Smear revealed many polymorphonuclear cells, few lymphocytes, fre- 
quent large mononuclears and some large multinucleated cells and no organisms. 
There was no growth on culture. Blood culture— no growth (twelve days). Roent- 
gen ray studies by Dr. Paul Bishop confirmed the ph)*sical findings. 

Comments. — The diet was (10 gm. protein, 250 gm. carbohydrate, and sufficient 
fat to make 1,600 calorics and was given in liquid form and divided into 6 equal 
feedings, equally spaced in the twenty-four hours. Insulin, 10 units were given 
before each of the G feedings, but this proved inadequate and the dosage was rapidly 
increased to 50 units before each nourishment. This dosage proved insufficient. The 
effect of each dose of insulin was exhausted before the next one was due. Accord- 
ingly at the midpoint between feedings, an additional 10 units were given. This 
is the only patient, in our experience, in whom this additional measure lias been 
found necessary. The unusually severe demand resulted in a total dosage of 370 
units on January 5. 

The midpoint doses (between meals) were discontinued on January 10, and the 
doses before nourishments were gradually decreased (see chart). The diet was 
divided into 5 feedings on January 11, and on January 12 into 4 feedings with 25 
units of insulin before each. Later, 20-unit doses were sufficient. On January 20, 
the diet was divided into 3 meals with a bedtime nourishment saved from supper 
with 4 doses of insulin, 20 units before breakfast, 12 at noon, 19 before supper, and 
8 at 9 P.M. 

By using protamine insulinate (Lilly), the two evening doses were combined and 
civen before supper. Details of this aspect of the study will be given elsewhere. 


Table III depicts: (1) the results in treating diabetics having acute 
infections and surgical complications; (2) an illustrative diet and its 
distribution for each group; and (3) an illustrative insulin dosage and 
its distribution. Less severe disorders (tonsillitis, peritonsillar abscess, 
tonsillectomies, furuncles, influenza, and la grippe), from which there 
were no deaths but for which the same treatment was used, have been 
omitted as have four diabetics— with pyonephrosis, apoplexy and pul- 
monary tuberculosis with ketosis, carbuncle and septicemia with ketosis, 

• pl „„ an extensive subcutaneous abscess of the scalp and gen- 

s? iu ”' is u '”'- 

“so «"».« eases, there were 7 deaths (8,7 per eent). One of 


lung abscess— was 


higher than in nondiabetics. 
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Two deaths following major amputations were attributable to uremia 
and bronchopneumonia, and septicemia. One patient died following 
gastrostomy for carcinoma of the esophagus. At autopsy, an esophageal 
bronchial fistula was also found. One death occurred from hypostatic 
pneumonia following a series of furuncles and a large abscess of the 
scalp. The remaining two deaths were due to bronchopneumonia, uremia 
and gangrene, and bronchopneumonia, acute pyelitis, and ketosis. 


SUMMARY AND CONCLUSION 

Equal division and spacing of the diet and insulin is advocated for 
diabetic patients during the postoperative period, during acute infec- 
tions, and for two or three days following attacks of diabetic coma 
because : 

1- Of the simplicity of the plan and the ease with which the diabetes 
can he controlled. 

2. There is less tendency to great fluctuation in the blood sugar, less 
tendency to ketosis, and less tendency to hypoglycemia. 

3- Our results on this regime are in happy contrast to those when 
longer periods without food and insulin were allowed. Furthermore, we 
believe the results, the time factor, and the number of patients thus 
treated amply justify the treatment employed. 

The slow absorption, the prolonged effect and the stabilizing influence 
that protamine insulinate has on the blood sugar were shown 1o ad- 
vantage when this preparation was combined with the regular insulin 
treatment during convalescence. 

Tlie authors gratefully acknowledge the kind cooperation of Drs. C. Mitchell and 
't. E. Lee, the late E. Klopp, the late Thomas McCrae, .Tohn Giblion, Sr., and .Tolm 
1 lick in permitting this study to be made on their patients at the Jefferson and 
1 ennsylvania Hospitals. 
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PERFORATION OF THE GALLBLADDER 


Analysis of Forty-Six Cases* 

R. L. Sanders, M.D., F.A.C.S., Memphis, Tenn. 


'THUS series of 46 perforations of the gallbladder which occurred 
in 886 operations for cholecystic disease, a percentage of 5.2, is 
being reported as a further ai-gument for recognition of the high in- 
cidence of the complication and the urgent necessity for operation 
before its development. 

In 1934, Eliason and McLaughlin gave a tabular review of cases of 
perforated gallbladder as published by several authors to that time, 
including figures of incidence and mortality. They showed that the 
incidence ranged from 0.9 to 2.5 per cent. The average mortality in 
eases of five authors whom they quoted was approximately 47 per 
cent. In addition, they reported their own series of 9 perforations 
lound in 500 cases of gallbladder disease, an incidence of 1.8 per cent, 
with one death, or a mortality of 11 per cent. 

Eight of the 46 patients in the group reported here died from com- 
plications having some bearing ujion the operation, constituting a 
mortality of 17.4 per cent. In the 834 nonperforated cases there were, 
in addition, 2 probable perforations, 3 partial perforations, 25 in which 
the gallbladder was gangrenous, 28 in which pericholecystitis was a 
complication, and 9 in which local peritonitis had developed. 

Of the total number of patients, 621 were women, and 265 were 
men; whereas, 22 of those whose gallbladder had perforated were 
women, and 24 were men. From this, it. is apparent that the ratio of 
perforations is much higher in men. A similar finding has been reported 
bv others, but no explanation has been offered for this peculiar circum- 
stance. 
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The average age of the men in whom perforation had taken place 
M’as 55 years, the oldest having been 73 years, the youngest 34 years. 
The ages of the women averaged 50 years,- the oldest was 70 years, 
the youngest 23 years. The average age of the patients who died was 
GO years. 


The perforations of the gallbladder in this group are classified as 
(1) chronic, (2) subacute, and (3) acute according to the severity 
of symptoms, the activity of the process, and the duration of the 
present attack. In the infections regarded as chronic, recovery had 
taken place, all the local infection had been controlled, and the per- 
foration had been well protected. Practically all the patients were 
ambulatory, and the operation could be classified as elective. The 
subacute cases were those in which the violence of the symptoms had 
been spent, the infection was abating, and the walling-off process was 
well under way, but in which it was evident from the course of the 
disease that the patients would not completely recover. The duration 
of the attacks in this group varied from a few days to two or three 
weeks. In the acute cases, the perforation had occurred recently and 
the infection was active, the time which had elapsed from the onset 
of symptoms to the operation having ranged from a few hours to three 
or four days. 

The perforation was regarded as chronic in 13 cases, subacute in 
11, and acute in 22. Of the total number of patients with chronic, 
subacute, and acute perforations, 22 had empyema of the gallbladder; 
frank pus was found in the gallbladder of another; in 9 patients the 
gallbladder was gangrenous; a marked pericholecystitis was present 
in 1, local peritonitis in 1, a spreading peritonitis in 2 ; and in 1, ail in- 
traperitoneal hemorrhage had taken place. In none of the patients had 
the intestinal tract been sufficiently involved to produce obstruction. 

Stones, which were present in 42 of the 46 cases, were distributed 
as follows: gallbladder alone, 23; ducts alone, 6; and gallbladder 


md ducts, 13. 

Cholecystectomy was performed in 36, partial cholecystectomy in 
, and choleeystostomv in 6 cases. Two of the patients on whom a chole- 
•ystectomy was done had previously had a cholecystostomy. 

In addition to the gallbladder operation, one or more surgical pro- 
cedures were carried out in 32 cases, in 5 of which 3 operations were 
ip rf ormed The common duct was opened in 11 eases, and the appen- 
9 ■, ■ 91 a separate McBurney incision was made in 4. 

dix was removed m a * 

xt- p nf the 13 chronic perforations had entered the liver, producing 

, Ted abscesses In one case, the opening was in the fundus and 
localized abscesses. J Jn allof | ier> the gallbladder had pei- 

was protected J < ' I guarded by adhesions. Two 

forated onto the stomach; this, also, v 
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of tlie patients with chronic perforations developed complications 
which brought about death. One of these had a perforation into the 
duodenum, with adhesions about the fistula; a cholecystectomy and 
choledochotomy were done and the fistula repaired. The remaining 
patient had a perforation onto the stomach, which was protected by 
adhesions. The operation consisted of a partial cholecystectomy and 
choledochotomy. 

Of the 11 subacute perforations, 7 had opened into the liver, 2 were 
protected by adhesions, and 1 had taken place into the abdominal wall, 
with subsequent rupture of the wall and drainage of stones to the 
surface. Another perforation of this group had entered the stomach 
and duodenum, forming two distinct fistulas, representing a spon- 
taneous cholecystogastrostomv and cholecystoduodenostomy. Five of 
these patients had empyema with protected perforation. Stones were 
found in the gallbladder in all the subacute eases, and in the ducts in 
0 cases. A choledochotomy, with removal of stones, was done in 3 of 
these. 

Cholecystectomy was performed in 9 of the subacute cases, partial 
cholecystectomy in 1, and cholecystostomy in 1. In the case of per- 
foration into the stomach and duodenum, it was necessary to do a 
partial resection of the stomach and remove the gallbladder at the 
same time, from which the patient failed to recover. 

The perforation was regarded as acute in 22 cases. Eight of these 
were definitely protected by omentum, 3 had taken place into the liver, 
and 1 into the hepatic flexure of the colon ; 2 had occurred at the junc- 
ture of the cystic duct and were protected by recent inflammatory 
tissue ; 3 had perforated onto the duodenum; 3 had entered the gen- 
eral peritoneal cavity; 1 ruptured during manipulation while sepa- 
rating adhesions preparatory to removal of the gallbladder; and in 1 
case there was a spontaneous separation of the gallbladder from its 
liver attachment and sloughing of the duct, permitting the gallbladder 
to be lifted out without effort. The blood supply was sufficiently 

Table II 

('I.ASSIKIIATIONH 


Type: 

Chronic L" 

Subacute 1 1 

Acute 22 

Stones: 

Gallbladder nloiic 2.’> 

Ducts alone (1 

Gallbladder ami ducts ].'! 

Operation : 

Cholecyst ortoiny 2(1 

Fartial cholecystectomy -t 

Fholecystostnmv fl 
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damaged in 9 cases to produce gangrene. Stones were present in the 
gallbladder in 14, and in the ducts in 9. The common duct was 
opened in only 2 cases. 

Hie gallbladder was removed in 15 of the acute cases, a partial 
cholecystectomy was done in 2, and a choleeystostomy in 5. Five of 
the patients in this group died, making a total mortality of 22.7 per 
cent in the acute cases. It is obvious from 'this that operation was 
postponed too long after the onset of symptoms ; earlier surgical inter- 
vention would have saved a greater number of these patients. 

• the symptoms of the 46 patients had persisted- for varying periods, 
from a few days to thirty-five years. A history of previous symptoms 
of cholecystitis was obtained iron 32 patients. Twenty-nine gave 
pain as the chief symptom in early attacks, and 15 of these had noted 
that it radiated to the scapular region; in 3, the pain was described 
as a hunger sensation. Five patients had had attacks of violent 
nausea and vomiting, while 8 had been bothered with gaseous disten- 
tion. Chills, fever, and damage to the vascular system had occurred 
in several. Anorexia, constipation, and a mild jaundice had been 
noted in former attacks by one-fourth the group. Onfy 4 patients 
were seen in the first attack. One of these had been sick for a week, 
another for two weeks, and the remaining 2 for four and five weeks, 
respectively, before coming to surgery. 

Many of the patients stated that the present attack was acute at 
the onset, became less severe for a day or two, then was exacerbated 
as peritonitis developed. In 35 eases, the average duration of the 
attack for which the operation was performed was two to three weeks. 
The symptoms had been present for twelve hours in the shortest, and 
in the longest, they had persisted, with alternating periods of mild dis- 
comfort, for six months. In the majority of cases of a prolonged his- 
tory of the present attack, the perforation had, of course, become 
chronic. In a few, however, an acute perforation followed attacks 
lasting for several weeks. Multiple ruptures were found in 5 cases, 
the primary opening having been protected by adhesions and newly 

formed tissue. 


Physical examination revealed that epigastric tenderness and mus- 
milar rigidity were present in practically every case and were exag- 
gerated "in those in which fairly extensive local peritonitis had de- 
veloped A definite mass was palpated in 15, and in the remainder 
Lre was thickening of the tissues. A mild or moderate leucocytosis 
’ recorde d in all the cases in which the blood cell count was made. 
\ correc t preoperative diagnosis was made in 4 of the acute eases 

and was suspected in ■ 

denaltlter with cholecystitis in 1, perforating duodenal ulcer m 1, 
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abscess of tbe abdominal wall secondary to gallbladder perforation in 
1, and acutely inflammatory, high-lying appendix in 1. Three of the 
patients were submitted to exploration on an indeterminate diagnosis. 

Only 14 of the entire number of patients with perforation had a 
roentgenologic study; 6 of these had a functionless gallbladder, the 
others, varying degrees of impairment. The diagnosis was sufficiently 
clear without the aid of a roentgenogram in the majority of cases. 

The average duration of hospitalization of the 46 patients was 22 
days; the briefest period was 10, the longest, 60 days. 

In this series, there were 8 deaths which occurred following opera- 
tion. In one other case, the wound had healed, bile was passing nor- 
mally through the bowel, and the patient had recovered entirely from 
a cholecystectomy and clioledocliotomy. He was 71 years of age, had 
previously undergone a prostatic resection, and was handicapped by 
a damaged myocardium. A flare-up of the urinary tract infection 
weakened his condition and was responsible for his death, twenty-one 
days after operation. 

A resume of each of the 8 fatalities follows : 

Case 1. — A woman, aged 70 years, had been troubled with stomach disorder for 
thirty-five years, yet had never had an attack of acute colic. Recently her com- 
plaint had been a periodic burning, heavy sensation in the stomach and epigastrium, 
vhich began a few hours after meals and was relieved by the ingestion of food. 
She had not been jaundiced. The present attack was abrupt in onset, with severe 
pam, nausea, and vomiting as the chief symptoms. Twenty-four hours later her 
temperature was slightly elevated, and the right upper abdominal quadrant was 
tender and rigid; no mass could be palpated. The preoperative diagnosis was a 
probable perforated duodenal ulcer. 

Exploration revealed a large, thick-walled gallbladder containing purulent mate- 
rial and many stones. A perforation was found near the liver border but was 
protected by omentum, which formed the wall of a fairly large abscess. The liver 
nns congested and extended down four fingerbreadths below the costal margin, 
fho appendix was subacutely inflamed and was removed. Cholecystectomy was 
performed, free drainage instituted, and the abdominal wall closed. The pa- 
tient’s condition was satisfactory for three days; both lungs then became con- 
gested, her temperature rose, delirium and disorientation followed, and she died 
on the fifth day postnperativelv from bronchopneumonia and myocardial insuffi- 
ciency. 


Case 2. — A woman, aged Go years, gave a definite history of gallbladder disease 
covering a period of thirty years. Her distress had been more acute during the 
previous three years. Four weeks prior to the operation, she had had an attack 
of severe pain, nausea, vomiting, and fever, which had failed to subside completely. 
She had also lost weight and strength. 

Pile patient’s temperature was slightly elevated, and her blood cell count showed 
•m increase in leucocytes. A large, tender mass was palpated in the gallbladder 
region, and a moderate muscular rigidity indicated local peritonitis. The pre- 
operative diagnosis was acute empyema of the gallbladder with perforation. 

At operation, the gallbladder was found to have perforated into the hepatic 
! exure of the colon, forming a cholecyst ocolic fistula. The gallbladder container! 
one large stone nnd purulent material. The liver border and contiguous tissues 
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wore acutely inflamed; local peritonitis was extending; and a considerable quantity 
of infected free fluid filled tbc riglit upper quadrant of the abdomen. 

The gallbladder was removed, the colon fistula repaired, free drainage established, 
and the abdomen closed. A blood transfusion was given at. once. Following oper- 
ation, there was a profuse and malodorous drainage, but it was apparent that 
much of the infectious material was being absorbed. The patient declined grad- 
ually and died ten days after operation from sepsis and exhaustion secondary to the 
long-standing disease. 


Case 3. — A man, aged 63 years, had had gallbladder symptoms intermittently 
for thirty years. The present attack had continued for ten days, having begun with 
a severe pain in the epigastrium, which radiated to the shoulder and was accom- 
panied by gaseous distress and a rise of temperature. He had also been jaundiced 
and troubled with itching. In addition, lie complained of some bladder retention. 

A moderate tenderness over the upper abdomen was the only physical finding. 
.The preoperative diagnosis was extrahepatic obstructive jaundice, probably caused 
by a stone in the common duct. Since the urinalysis revealed the presence of 
considerable pus, an in-dwelling catheter was used for two weeks, while a blood 
transfusion and other preoperative measures were carried out until the patient was 
in fit condition for exploration. 

On opening the abdomen, the gallbladder was found to have perforated onto 
the pyloric end of the stomach, the perforation being protected by adhesions. Sev- 
eral stones were discovered in the abscess pocket, as well as in the gallbladder and 
common duct. A partial cholecystectomy was done, the common duct opened wide, the 
stones removed, and a T-tube inserted for drainage. Bile drained freely and the 
patient’s convalescence was satisfactory for five days. Nausea, vomiting, and a 
decrease in the bile drainage then ensued for ten days, with a decline in his general 
condition. Intestinal obstruction was feared, but barium passed through the bowel, 
proving its patency. Following a blood transfusion, cellulitis with multiple ab- 
scesses appeared on his arm. On the twenty-sixth day after operation he developed 
bilateral bronchopneumonia and anuria, and died two days later. 


Case 4. — A man, aged 4G years, gave a history of intermittent attacks of 
epigastric pain, with an associated jaundice, during the previous five years. For 
ten months, his symptoms had been more severe, having indicated, at times, a 
peptic ulcer; at other times, they had been mixed, pointing to both ulcer and 
aallbladder disease. Coincidentally, he had gradually lost weight. 

A moderate epigastric tenderness and a sense of thickening of the deep tissues 
were the only abnormal physical signs. The roentgenologist reported evidence of 
an obstructive lesion in the duodenum. The preoperative diagnosis was chronic 
cholecystitis and duodenal ulcc-r. 

After two weeks of preparation, tbc abdomen was explored. The gallbladder 
was enlarged and subacutely inflamed and had perforated into the pyloric end of 
the stomach as well as into the first and second portions of the duodenum, pro- 
natural cholecystogastrostomy and cholccystoduodenostomy. There was 
also a large gastric ulcer on the lesser curvature near the pylorus. 

' " a cholecystectomy and partial gastrectomy were performed. The operation was 
r t e and prolonged, but in spite of this, the patient left the table m good 
extensne an P c?s was satisfactory for twenty-four hours. He then 

condition, an 1 ^ pr(snmaU y from pulmonary embolism, 

became cyanotic, k 1 t i , 

, j,- veare a stonecutter by occupation, had bad a sun- 

it enml E a« ^chiicd and' in recent years several attacks of bronchopneumonia; 
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the last attack, seven months previously, had been complicated by pleurisy with 
effusion. During the prolonged convalescence, he had been seized with an acute 
epigastric pain accompanied by nausea and vomiting, which gradually subsided. 
A second and similar seizure had begun forty-eight hours before the patient’s ad- 
mission to the hospital. 

On palpation, the patient’s entire upper abdomen was tender, and the muscles 
were rigid. He had an elevation of temperature, and the leucocytes numbered 
12,500. The urine contained both albumin and casts. The preoperative diagnosis 
was acute cholecystitis, pneumoconiosis, and acute nephritis. 

Abdominal exploration revealed large old blood clots under the liver margin 
about the gallbladder. The latter organ was increased in size and tilled with 
bloody fluid, and its wall was gangrenous. In its fundus was a perforation from 
which the blood had escaped into the peritoneal cavity. 

A cholecystostomy was done and the abdomen freely drained. Two days later 
the lung condition became reactivated, the nephritis grew worse, and death occurred 
on the third day following operation. 

Case G. — A man, aged 70 years, had suffered with symptoms of gallbladder 
disease for seven years. Five weeks before admission to the hospital, he had had 
a severe biliary colic with irregular fever, and had since lost weight and strength. 
He was. also aware of dyspnea on exertion. 

It was obvious that the patient was greatly debilitated. Weak heart sounds 
and an irregular pulse were significant of a damaged myocardium. The blood 
cell count showed 19,200 leucocytes. Marked tenderness and a suggestive mass 
were noted in the gallbladder region, and distinct muscle spasm with some rigidity 
spread over the abdomen. The preoperative diagnosis was acute cholecystitis with 
empyema and stones, and myocardial insufficiency. 

Operation was carried out under local anesthesia. The gallbladder was dis- 
tended with purulent fluid but contained no stones. Its walls were gangrenous 
almost throughout, secondary to vascular damage and congestion of the lymph 
spaces. A perforation was found in the fundus, through which infectious material 
had leaked into a pocket formed by the omentum. 

A cholecystostomy was done and thorough drainage instituted. Soon after the 
operation, the patient developed an uncontrollable hiccough. He gradually de- 
clined and died on the sixth postoperative day. The cause of death was recorded 
as sepsis and myocardial insufficiency. 


Case 7. — A man, aged 59 years, had been seized with a violent, radiating 
epigastric pain, accompanied by nausea and vomiting, seven days before admission 
to the hospital. Ilis condition was growing worse, and it was clear that a real 
mtraabdominal catastrophe had occurred. This was his first attack; no history 
°f previous gallbladder disease or biliary colic could be obtained. 

The patient was acutely ill. Tenderness and muscular rigidity extended over 
the entire abdomen but were most pronounced over the gallbladder region and 
downward to the pelvis on the right. No mass was palpated. Ilis temperature was 
slightly elevated, and the blood cell count revealed a moderate leucocvtosis. The 
findings otherwise were not significant. The preoperative diagnosis was acute 
cholecystitis and acute appendicitis. 

A high muscle-splitting incision was made rather far out to the right. A large 
amount of bile-stained fluid was seen to have gravitated along the outer side 
of the .colon and into the pelvis. The appendix was not involved in his present 
complaint hut was removed. A transverse incision was then made 


over the upper 
V inflamed; infected 

small, unprotected perforation near the cystic duct. The blood 


abdomen 1 he gallbladder was greatly distended and acutely inflamed: infected Paid 
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supply of the gallbladder was damaged but not destroyed. A local peritonitis 
involved the duodenum and contiguous tissue and apparently was spreading. 

A cholecystectomy was done, ample drainage provided, and the abdomen was 
closed. Bile-stained fluid drained freely' into the dressing hut the patient grew 
increasingly restless; his temperature rose to 104.G degrees; his pulse rate became 
rapid, irregular, and weak; and he died forty-cight hours after operation. An 
autopsy was not performed, but the causes of death were believed to be general 
peritonitis and acute myocardial insufficiency. 

Case S. — A man, aged Cl years, had had several attacks of severe abdominal 
pain, which had begun nine years earlier and which had occurred at intervals for four 
years. During the following five years lie had been free of discomfort until the 
present attack, two weeks before he entered the hospital. The onset had been sud- 
den, with an excruciating pain in the epigastrium, which radiated to the shoulder, 
lie had also had some fever and had been deeply jaundiced. 

The abdomen was tender and tense; no mass could be palpated. The urinalysis 
indicated a mild infection of the urinary tract; otherwise, the examination was 
negative. The preoperative diagnosis was chronic cholecystitis. 

At operation, the gallbladder was small and contained one large stone. It was 
adherent to the duodenum, into which it had perforated, forming a complete 
fistula. The common duct was opened and explored, but no stones were found. 
The head of the pancreas was nodular and inflamed and was probably responsible 
for the jaundice. 

A cholecystectomy was done, the duodenum opening sutured, and the abdomen 
closed. The patient made good progress for a few days. He then began to grow 
weaker, and his urine output became increasingly less. All therapeutic measures 
failed to restore proper excretion, and lie died twenty-two days postoperativclv from 
uremia and exhaustion. 

COMMENT 

The proper time for operation in acute gallbladder disease has been 
much disputed. The main difficulty, in my opinion, is determining 
whether the condition is or is not acute. Even the keenest diagnostic 
acumen is fallible in discerning perforation in many' instances. Those 
authors who have mentioned the matter have admitted that their pre- 
operative diagnosis was correct in comparatively few eases of per- 
foration of the gallbladder. As has been stated often, the symptoms 
are so variable in number and intensity that no certain syndrome can 
be regarded as pathognomonic of rupture until its devastating con- 
sequences become almost irreparable. Several cases of this series are 
proof that an acute perforation may be found when no history' of nn 
acute exacerbation of symptoms is given and the patient’s condition 
is not extreme at examination. A scout, film of the abdomen or fluoro- 
scopic study may afford a clue to the diagnosis in revealing the pres- 
ence of stones in the region of the gallbladder, but this is not entirely 
dependable. We know that perforation can and does take place when 
no stones are present. The four eases of gangrene with perforation 
mentioned in this series are examples. 
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Cases of chronic perforation are recognizable, as a rule, by a his- 
tory of unchanging, more or less severe symptoms over an extended 
period. There is no need for delaying operation here. When acute 
symptoms have begun to subside, surgery should be postponed until 
further regression takes place. But if the patient's suffering is un- 
duly prolonged or is increased, the condition may be considered acute, 
requiring immediate operation. Prompt surgery is indicated, of 
course, when persistent nausea and vomiting, weak pulse, increased 
respiration, an elevated leucocyte count, marked tenderness, and ex- 
cruciating pain point to rupture into the peritoneal cavity. 

In deciding the most opportune time for surgery, therefore, we can 
be guided only by present signs and symptoms. Operation may be 
elective in the apparently chronic cases, but it is imperative and 
urgent if sy’mptoms already pronounced remain unchanged or become 
aggravated. Surgery may r be postponed for a few days when there is 
evidence that the symptoms are subsiding or a possibility that they 
uiay do so under treatment. We agree with Behrend that, under 
proper control of a capable surgeon, there is little danger that an 
acute ease of cholecystitis may go on to perforation ; an exacerbation 
of symptoms may be readily detected and operation performed with- 
out delay. 

It is generally conceded that cholecystectomy is the procedure of 
choice in gallbladder disease, when feasible. One material advantage 
of allowing acute symptoms time to subside lies in the fact that 
cholecystectomy usually may be done in the subacute stage, and thus 
the probable necessity for a second operation obviated. 

In acute cholecystitis, when removal of the oi’gan is contraindicated, 
Heyd and others have employed the method of bisecting the gallblad- 
der from fundus to duct, enucleating the mucous membrane, inserting 
a tube, and closing the gallbladder about it. Heyd states that chole- 
cystectomy is too dangerous and cholecystostomy alone often leads to 
the necessity for a second operation because of retention of an in- 
fected mucous membrane. Belireud believes the formation of ad- 
hesions the principal source of danger in a second operation. Both of 
these factors contribute to the hazard of cholecystectomy after chole- 
cystostomy. 

As was stated in the beginning, the whole purpose of this discussion 
* s to dispel the illusion that perforation of the gallbladder is a neg- 
hgible possibility and to bring to mind more forcibly the poor prog- 
nosis after its development. It is difficult to comprehend why, con- 
sidering the dangerous potentialities, patients suffer with gallbladder 
symptoms for years before obtaining permanent relief. The fault can- 
he attributed wholly to ignorance on the part of patients. Surd } , 
many more are examined than are relieved. The responsibility lies 
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supply of the gallbladder was damaged but not destroyed. A local peritonitis 
involved the duodenum and contiguous tissue and apparently was spreading. 

A cholecystectomy was done, ample drainnge provided, and the abdomen was 
closed. Bile-stained fluid drained freely into the dressing but the patient grew 
increasingly restless; his temperature rose to 104.6 degrees; his pulse rate became 
rapid, irregular, and weak; and he died forty-eight hours after operation. An 
autopsy was not performed, but the causes of death were believed to be general 
peritonitis and acute myocardial insufficiency. 

Case S . — A man, aged 61 years, had had several attacks of severe abdominal 
pain, which had begun nine years earlier and which had occurred at intervals for four 
years. During the following five years he had been free of discomfort until the 
present attack, two weeks before lie entered the hospital. The onset had been sud- 
den, with an excruciating pain in the epigastrium, which radiated to the shoulder. 
He had also had some fever and had been deeply jaundiced. 

The abdomen was tender and tense; no mass could be palpated. The urinalysis 
indicated a mild infection of the urinary tract; otherwise, the examination was 
negative. Tim preoperative diagnosis was chronic cholecystitis. 

At operation, the gallbladder was small and contained one large stone. It was 
adherent to the duodenum, into which it had perforated, forming a complete 
fistula. The common duct was opened and explored, but no stones were found. 
The head of the pancreas was nodular and inflamed and was probably responsible 
for the jaundice. 

A cholecystectomy was done, the duodenum opening sutured, and the abdomen 
closed. The patient made good progress for a few days. He then began to grow 
weaker, and his urine output became increasingly less. All therapeutic measures 
failed to restore proper excretion, and he died twenty-two days postoperntively from 
uremia and exhaustion. 


COMMENT 


The proper time for operation in acute gallbladder disease has been 
much disputed. The main difficulty, iu my opinion, is determining 
whether the condition is or is not acute. Even the keenest diagnostic 
acumen is fallible in discerning perforation in many instances. Those 
authors who have mentioned the matter have admitted that their pre- 


operative diagnosis was correct in comparatively few eases of per- 
foration of the gallbladder. As has been stated often, the symptoms 


are so variable in number and intensity that no certain syndrome can 
be regarded as pathognomonic of rupture until its devastating con- 
sequences become almost irreparable. Several cases of this series are 
proof that an acute perforation may be found when no history of an 
acute exacerbation of symptoms is given and the patient's condition 
is not extreme at examination. A scout film of the abdomen or fluoro- 
scopic study may afford a clue to the diagnosis in revealing the pres- 
ence of stones in the region of the gallbladder, hut this is not entirely 
rienendable We know that perforation can and does take place when 
"Hies are present. The four cases of gangrene with perforation 
mentioned in this series are examples. 



Editorials 


Intestinal Obstruction: The Present Status of the Problem 

P ACTS are wrested from nature often, only after an arduous struggle. 
4 To this difficulty in the acquisition of wisdom, bowel obstruction 
has been no exception. No divining rod has been available to indicate 
where truths lay hidden. Critical and accurately made observations 
subjected to the crucial test of direct experiment are the only means by 
which new and basic principles are added to our know'ledge. 

For decades, clinicians and investigators have wrestled with the in- 
tangibles of bowel obstruction. Out of their diligent labors have ema- 
nated a few simple, but fundamental, truths. On reflection, some of these 
appear almost self-evident. Is not the same often said of most new 
discoveries? Today we hear less of the alleged toxic factor in acute 
intestinal obstruction and more concerning the effects of prolonged ob- 
struction upon the bowel wall. The significance of the loss of water 
and electrolytes through the agency of vomiting is generally appreciated. 
Long-continued intestinal occlusion gives rise to increases of intraluminal 
tension which may threaten the viability of the bowel wall and increase 
its permeability. In this manner, a new route may be opened up for 
absorption, against which the body has developed no effective defense 
transperitoneal migration of noxious agents. As long as the intestinal 
mucosa remains viable, this lining of the intestinal cylinder, it would 
appear, affords us the same protection in the presence of bowel occlu- 
sion which it bestows bountifully upon us all every day. With the on- 
set of obstruction, bacteria multiply in the intestine, and the amicrobic 
character of the upper reaches of the upper gut becomes nonexistent. 
Belated recognition is also being accorded the blood loss factor which 
attends strangulating types of obstruction in which considerable blood 
may be lost into the infarcted segment of the bowel. In the avowal 
of these occurrences as consequences of obstruction, the therapeutic 
measures indicated are plainly suggested. (1) Adequate replacement 
of fluid loss by the liberal paraoral administration of saline solution in 
all instances in which vomiting has been a feature; (2) early relief of 
distention by measures which preserve the sterility of the peritoneal 
cavity; (3) restoration of blood loss by transfusion in strangulating 
obstructions. All these are matters of general agreement and need no 
amplification. 

. ^ ie manner in which relief of existing distention is to be attained 
is not so generally agreed upon. In the main, however, these differences 
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with us, then, who, realizing after a reasonable length of time that 
medical treatment is not curative, fail to see that our patients receive 
the benefit of surgery before the disease process progresses too far. 
An awakened conscientiousness on the part of medical men would 
seem to be largely effective in reducing the unnecessarily high number, 
of perforated gallbladders and the. appalling number of fatalities in 
their train. 
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large or the small bowel. He may often not be able to decide to his 
entire satisfaction just how the bowel is obstructed. 

“Acute abdomen” is not synonymous with necessity for exploratory 
laparotomy, though, sad to say, it has too long been. The advent of con- 
stant recourse to x-ray examination (scout and erect films) in the acute 
abdominal lesion of perplexing origin lias contributed much to correct 
diagnosis. The report of the roentgenologist, uninstructed as to the 
patient’s history and physical findings, however, is often misleading and 
without value. When the roentgen findings are reviewed in the light 
°f the clinical aspects of the case, however, they attain real significance. 
Visualization of gaseous distention in segments of the bowel attains sig- 
nificant meaning when coordinated with the presence or absence of vom- 
hmg, intestinal colic, abdominal tenderness, and gastric retention. No 
clinical diagnosis of bowel obstruction is complete if roentgen examina- 
tion has been omitted. 

In colonic obstructions, vomiting is often absent altogether; likewise, 
employment of the duodenal tube and suction demonstrate that gastric 
retention of fluid is almost invariably absent. In obstructions of the 
small bowel, on the contrary, copious and frequent vomiting is usual. 
Fecal-like vomiting is common in acute obstruction of the small bowel, 
hut it has never been observed by the writer in colonic obstructions. 
Strangulating obstructions, in which blood escapes into the peritoneal 
cavity, invariably present rebound tenderness in addition to intestinal 
colic which accompanies all mechanical obstructions. The revelations 
of the scout film, when properly harmonized with the clinical findings, 
afford a stamp of finality to the diagnosis upon which reliance may be 
placed. 

Within the past few years, a new agent has entered the lists as a 
rival, contending with operation for honors in the relief of intestinal 
distention due to obstruction — suction applied to an indwelling duodenal 
tube. Those who have schooled themselves in the intricacies of the art 
of recognition of acute abdominal disease have found the method help- 
ful and a satisfactory substitute for certain obstructions for which they 
were previously wont to perform operation. In adhesive, incomplete 
occlusions and in physiologic obstructions, the method has found its 
greatest usefulness. As an auxiliary to surgery, it has proved of value 
in most obstructions. Its limitations are quite understandable and the 
employment of suction applied to an inlying duodenal tube as the sole 
remedial agent is strictly contraindicated essentially in two kinds of 
obstruction: (1) strangulating obstructions, (2) occlusion- of the left 
colon in which the competent proximal ileocolic sphineter limits the dis- 
tention to the colon. He who essays to use the plan as a trial method in 
diverse conditions to determine whether operation will be necessary 
is i velj to encounter difficulties. Moreover, mere cessation of intestinal 
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of opinion relate largely to the late case and the employment of com- 
promise measures. To the early mechanical obstruction, by quite uni- 
form consent, are applied the remedial measures of election. It is nat- 
ural that amongst surgeons some controversy should hedge about the 
choice of procedure. It is equally fitting that as much thoughtful con- 
sideration be accorded the actual plan or design of an acceptable proce- 
dure. For undoubtedly the technique of execution of a procedure is 
fully as important and telling as is the choice of therapeutic expedient. 
Whether, in equally skilled and practiced hands, release of the bowel 
is secured by severing an obstructing band or performing enterostomy 
is often not an important issue. If, however, the bowel is punc- 
tured in freeing the gut or if the compromise measure of enter- 
ostomy is not aseptically done, the doom of the patient is sealed 
—not by the choice of remedial agent, but by the bungling of the sur- 
geon. With release of the obstruction, no matter how great the disten- 
tion, nor whether the obstructing agent be removed or only an exit be 
afforded for the removal of the retained gas and fluid, if the obstruc- 
tion is simple in character and the bowel wall is intact and no visible 
soiling of the peritoneum has occurred, the outlook for the patient is 
promising. All strangulating obstructions operated upon early, with 
the single exception of thrombosis or embolism of the mesenteric vessels, 
may be treated as instances of simple obstruction after liberation of the 
constricting agent. In all instances in which the viability of the in- 
testinal wall is lost, the threat to life is great. Operations for the relief 
of intestinal obstruction are accompanied by risk in so far as the sterility 
of the peritoneum has been vitiated by the condition of the bowel or 
violated by the surgeon. The operative procedure of least magnitude 
which will accomplish the desired end, when executed aseptically and 
with minimal trauma to the obstructed bowel, promises the patient the 
best chance for recovery. 


The importance of early recognition of intestinal obstruction is ac- 
knowledged on every hand. There are obstructions, to be certain, which 
are. notably difficult to recognize, such as an enteric intussusception or 
occlusion of the lumen of the bowel by a gallstone. Differentiation be- 
tween an inflammatory intraperitoneal focus simultaneously interrupt- 
ing the continuity of the bowel and a primary strangulating obstruction 
mesents one of the most difficult problems in abdominal diagnosis and 
which not uncommonly needs exploratory incision for its proper and 
f lutiou The larger number of bowel obstructions, however, can 
1*1 nceurttclv identified by a careful appraisal of the history, methodical 
h ' nf available criteria of physical examination, and the use 

" pl,r Ita when these findings are properlv 
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blood for transfusion. The use of chronic syphilitics as donors, however, 
is a procedure hot to be recommended except under most urgent cir- 
cumstances and then only when blood from other sources is not available. 

The serologic tests are not infallible indicators as to the presence or 
absence of Treponema pallidum in the donor’s blood. The reactions may 
be positive when organisms are not present in the blood, as in chronic 
syphilis, and may be negative when the blood is teeming with Treponema 
pallidum, as in the incubation and seronegative stages of acute syphilis. 
The absence of recent exposure to syphilis and of chancre of skin or 
mucous membrane constitute our only guarantee against the existence 
of the latter circumstance in a prospective donor. 

To avoid “transfusion syphilis” in emergency treatment one must, 
therefore, question the prospective donors relative to recent exposure, 
thus establishing facts relative to the possible existence of the stage of 
incubation, and one must examine for chancre (dark-field examination 
of any suspicious lesions), adenopathy, rash and mucous membrane 
lesions. If the history and these simple and readily made examinations 
are negative and the donor is not a pregnant woman, the very great 
probability is that syphilis, if present, is not in the acute stage and 
therefore not transmissible by blood transfusion. A careful, accurate 
history and examination of the body surfaces and orifices of the pros- 
pective blood donor are, therefore, more important than the serologic 
tests with donors’ serum, valuable as these are. When reliance is placed 
solely on the Wassermann or Kahn test, false security may be encouraged 
even though the disease is present and transmissible to the recipient, as 
in the reported instances of “transfusion syphilis” induced by the use 
of donors in the incubation stage of the disease . 4 

— Hugh J- Morgan, M.D. 

Nashville, Tenn. 
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cohc does not suffice to indicate that a satisfactory decompression is 
being achieved. Dependable information is to be obtained only by sub- 
sequent. check-up scout films made at twelve- to twenty-four-hour 
intervals. 

That progress has been made in the management of intestinal obstruc- 
tion is attested in the recitals which appear in this issue of Surgery 
from the pens of several men who have striven long with the problem. 
Wisdom is compounded of many experiences. Much yet remains to be 
learned. Prom the successes of these labors let us take courage and 
gird ourselves for a renewal of the conflict with the obstruction problem. 

— Owen H. Wangensteen. 


Transfusion Syphilis 


I T IS well known that the virus of syphilis may be transmitted by blood 
transfusion. This syphilis d’emblee becomes apparent in from one to 
three or four months after the transfusion with the development in the 
recipient of the acute skin and mucous membrane lesions of the second- 
ary stage of the infection. Although the literature contains relatively few 
case reports of such therapeutic accidents, they occur frequently enough 
to have become a part of the experience of most active hospital groups. 
The surgeon especially is likely to be particeps criminis since he com- 
monly employs blood transfusions under circumstances of stress and 
emergency, when the detection of syphilis in the donor through careful 
questioning and physical and serologic examinations is difficult or im- 


possible. 

It is clear that the virus of syphilis must be present in the blood of 
the donor if transfusion is to result in syphilitic infection in the re- 
cipient. In experimental syphilis, it is known that the virus is present 
in the blood of rabbits during the acute or active phase of the infection 
and that with the disappearance of active lesions the blood loses its 
capacity to infect . 1 This would seem to be the case in the human dis- 
ease Eberson and Engman 2 injected blood from seventy-three individ- 
uals with chronic syphilis into rabbits’ testicles and not a single infection 
resulted although with similar technic blood from patients with acute 
hilis' regularly induces infection. There are several reported in- 
stances of the use of blood from donors with chronic syphilis for Ivans- 
Z. inns in which the disease was not transmitted to the recipients. A re- 
f of the reported instances of “transfusion syphilis’’ reveals that 

vieW f . .■ m r, al j 0 f the donors either had aenfe syphilis or wore 

with one exc P In this case it seems probable that the 
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Rated, a certain minimal amount of water is required to carry them out. 
The healthy kidney can concentrate urine to a specific gravity of ap- 
proximately 1.032. To carry out the average daily waste products (35 
gm.) in a maximally concentrated urine, about 500 c.c. of water are re- 
quired. When renal function is so impaired that the kidney has little 
or no concentrating power, about 1,500 c.c. of water are required. 11 ’ 12 
If the water available for urine formation is inadequate to care for 
the removal of the waste products, these accumulate in the body fluids. 

In the allotment of available fluid, the kidney is favored to a lesser 
degree than the other body tissues. The skin and lungs (water for 
vaporization), the gastrointestinal tract (diarrheas', vomiting, etc.) and 
the interstitial tissues (during edema formation) enjoy preferential 
rights over such fluid as is available, and their demands are satisfied 
first. The kidney uses the fluid which remains. The diversion of fluid 
for purposes other than urine formation has been called “prerenal 
deviation of fluids.” 13 

These considerations have certain important implications. The most- 
clinching evidence that the normal organism is not receiving enough 
water is the finding of a twenty-four-hour urine output of less than 500 
c.c. If renal function is good, the urine will be highly concentrated 
(specific gravity 1.020 or higher). A small twenty-four-hour urine out- 
put with high specific gravity is (in the absence of edema formation) 
sufficient evidence for making a diagnosis of dehydration. As dehydra- 
tion continues, beginning nitrogen retention may be noted. In extreme 
cases urinary secretion may cease completely. The skin is hot and dry; 
the urine is scanty and contains protein, red blood cells, and casts in 
greater than normal amounts; marked nitrogen retention augmented by 
urea from the increased protein catabolism in dehydration 14 is usually 
present. Too frequently this syndrome is unjustly labeled toxic 
nephritis. The whole picture can be produced in normal persons by 
simply depriving them of fluid 11 and the remedy is, of course, adminis- 
tration of adequate quantities of fluid. 

When the concentrating power of the kidney is reduced, the specific 
gravity of the urine of severely dehydrated patients will be lower than 
1.020 (with maximal impairment, as low as 1.010) and the problem of 
determining whether the nitrogen retention is caused by dehydration 
or primary renal insufficiency may require further study. An ap- 
proximate calculation of the fluid balance of the patient for a few pre- 
ceding days may yield valuable information. 

As will be indicated in the following sections, losses of water and salts, 
in excess of body economy, occur by way of the skin and gastrointestinal 
tract. Only rarely is the kidney the primary route for depletion of salt 
and fluid. Two well-known instances are diabetes mellitus and terminal 
nephritis. In the former, excessive urinary output of sugar and acidosis 
cause a profound diuresis with loss of body water and salts; in the latter, 
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The dehydrating effects of profuse sweating may be alleviated by 
oral administration of 0.2 per cent salt; if water is ingested without salt, 
the reduction of the osmotic pressure of the body fluids causes the 
onset of the syndrome known as miner’s cramps. 20 ’ 21 If for some reason 
fluids cannot be taken by mouth, parenterally administered isotonic 
saline serves the same function admirably. 

Glucose solutions cannot serve to replace the body losses due to pro- 
fuse sweating because they do not supply the needed electrolytes and the 
water is not retained without salt to make it isotonic. Glucose solutions 
do, however, serve admirably as a source of water for vaporization needs 
which, in certain pathologic states, may be as great as 2,500 c.c. per 
day. 2 - c 

The Gastrointestinal Tract as a Route of Depletion of Body Water and 
Electrolytes. — The fate of the digestive secretions is of prime importance 
in any consideration of body dehydration. The magnitude of the fluid 
and electrolyte mobilization is often underestimated and abnormal 
deviation of these fluids and electrolytes leads to clinical syndromes re- 
quiring more or less specific therapy necessarily based on the disturbed 
Physiology. 

The gastrointestinal tract consists of a hollow tube, the lumen of which 
is outside the body tissues. Into this canal are poured daily seven to 
ten liters of digestive juices. Secretion of these juices occurs almost 
entirely into the proximal portion of the canal. The juices (saliva, 
gastric juice, bile, pancreatic juice, and succus entericus) consist of 
water, electrolytes, and enzymes. They serve their functions in the 
canal and are propelled by the intestinal movements to the distal portions 
of the canal for reabsorption. The secretion and absorption of the 
digestive juices constitutes an internal circulation of great efficiency. By 
the time the intestinal contents have reached the sigmoid colon, the 
inspissated fecal material contains only a few cubic centimeters of water 
and small amounts of salts. The daily loss of water in the stool is about 
100 c.c. 

Two features of the internal circulation are significant from the 
standpoint of economy of body fluids and electrolytes : 

1. The origin and chemical composition of the digestive secretions: 
The digestive fluids are derived from the blood serum and hence from 
the interstitial fluids with which they are approximately isotonic. The 
secretion of a liter of digestive seci-etion into the intestinal canal — lying 
outside the body tissues — is equivalent to depleting the body fluids of 
a liter of isotonic fluid. While the digestive secretions are isotonic 
with the serum electrolytes, they vary considerably in chemical com- 
position; c.g., the gastric juice is richer in chloride and poorer in base 
than is serum. Secretion of gastric juice dehydrates the body and leaves 
t le sei um richer in base and poorer in chloride. Pancreatic juice con- 
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.the damaged kidney is unable to economically regulate salt and fluid 
output. Since the incidence of primary renal depletion of salt and water 
is relatively small and requires consideration beyond the scope of this 
paper, these obligatory polyurias will not be discussed further. 

The Shin (and Lungs) as a Route of Depletion of Body Water and 
Electrolytes . Heat is lost from the skin and lungs by convexion, con- 
duction, radiation, and by evaporation of water. Heat lost, by the evapo- 
ration of water is associated with loss of body fluid, the heat being dis- 
sipated in changing water from the liquid to the gaseous state. The 
water which is so vaporized, in the absence of visible perspiration, is 
called insensible water. 10 The heat, used in vaporizing this water 
amounts to about ,24 per cent of the total heat eliminated from the body. 6 
Richardson 11 has shown that this water loss is independent of the sweat 
glands, for about 28 per cent of the total heat was lost by vaporization 
of insensible water in a patient with congenital absence of the sweat 
glands. Thus, maintenance of a constant body temperature obliges an 
animal to lose a certain amount of wafer so that heat may be dissipated. 
This obligatory water loss in the normal individual amounts to 1,000 to 
1,500 e.c. per day. 2 This water loss is associated with a negligible loss 
of electrolytes, for Benedict 10 found that only' 1.15 gm. of chloride were 
lost from the skin during a fasting period of 27 days. 

When there is increased need for eliminating heat, the sweat glands 
function actively, elaborating fluid on the surface of the body. Evapora- 
tion of this fluid from the .skin is effective in eliminating heat except 
when the sweat is lost from the body surface without being evaporated. 
Whereas, insensible water loss is of importance in calculating the fluid 
balance of the patient, it is never the primary cause of severe dehydra- 


tion and depletion of body electrolytes. Such is not the case with the 
loss of fluids and electrolytes by the sweat. 

Prolonged, profuse sweating can occasion the loss of tremendous quan- 
tities of fluid and electrolytes producing marked depletion of body salt 
and water. 15 ’ 20 ’ 21 While the skin may exert some slight ability to spare 
body salt, 15 its efficiency in this capacity is negligible. In profuse sweat - 
j n g as m uch as 2 gm. of sodium chloride may be lost from the skin per 
hour The salt is excreted in a hypotonic solution (about 0.2 per cent 
sodimn chloride'- 8 ). Since the sweat is derived from the serum, each 
liter of sweat depletes the body of a liter of water. Because the salt con- 
centration of the secreted water is considerably less than that of tlw 
from which it was derived, there is more water lost than 

P The excessive amount of salt cannot he retained by the t.ssues 
salt. T e isotonic so it is eliminated hv the kidney with 
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the canal — as occurs in the above mentioned pathologic states — the 
continued loss of gastric juice renders the serum poorer in chloride and 
richer in base and the tissue fluids are depleted of fluid and electrolytes. 
The production of this picture in pyloric obstruction may be seen in 
Table I. Total base is depleted; the chlorides drop to less than half 
their normal value ; and the retained sodium combines with the carbonic 
acid formed during metabolic processes in tissues to increase the level 
of bicarbonate. Increases of bicarbonate to tetany levels (45 mm.) 
have been observed. In addition, vomiting is common and nutrition 
cannot be maintained so that carbohydrate deprivation and starvation 
ketosis may occur. The prerenal deviation of fluid may be of such 
magnitude as to leave too little water for adequate urinary volume and 
nitrogen retention may be present. The clinical picture includes: (1) 
dehydration, (2) depletion of body electrolytes, (3) imbalance of serum 
electrolytes (alkalosis), (4) starvation ketosis, and (5) azotemia. 

Cases with achlorhydria will show the same picture with the excep- 
tion that they do not develop alkalosis because sodium and chloride are 
lost in equivalent amounts. 29 

Fluid therapy should include parenteral administration of saline 
solutions (to restore fluid, total electrolytes and to restore the electrolyte 
pattern) and glucose solutions (to relieve ketosis and excessive protein 
catabolism, supply ample fluids for urine formation to remove the ac- 
cumulated nitrogenous wastes). Each type of fluid serves a specific 
function and both are needed to restore equilibrium. With an adequate 
supply of fluid the kidney quickly removes the nitrogenous wastes and 
corrects the electrolyte pattern by excreting sodium bicarbonate in 
the urine and retaining sodium chloride which the body needs. 25 ’ 26 

Similar serum electrolyte patterns and dehydration occur when the 
secreted juices are not vomited but are retained in the stomach and 
proximal portion of the gastrointestinal tract. 27 ’ 28 Their presence in 
the upper part of the tract is associated with marked nausea. Absorp- 
tion of the secretions relieves the nausea and restores the serum elec- 
trolytes to normal. 28 

Table II 


A Comparison of Certain Electrolytes in Blood Serum and in the Digestive 

Secretions* 



Total Base 

Cl 

HCO, 


M-Eq 

M-Eq 

M-Eq 

Serum 

164 

110 

*>*> 

Fundus gastric juice 

40 

100 


pylorus gastric juice 
Duodenum 

1SS 

177 

142 

120 

- 

Jcjynum 

Ileum 

Colon 

Pnncreatic juice 

Hepatic bile 

loo 

102 

100 

10S 

1S2 

150 

SO 

SO 

115 

.00 

20 

00 

02 

45 

45 

Modified from data in Peters’ Body 

' Water .*> 
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tains less chloride and more bicarbonate than serum, and secretion of 
pancreatic juice dehydrates the body and leaves the serum relatively 
richer in chloride and poorer in bicarbonate (Tables I and II). 

2. The mechanics of the internal circulation make it vulnerable to 
pathologic variations associated with dehydration and electrolyte de- 
pletion : 

a. Removal of secretions from the proximal portion of the gastroin- 
testinal tract as occurs in vomiting, gastric and duodenal fistulas, high 
intestinal obstruction. 

b. Failure of transport of the secretions to the absorptive area as 
occurs in ileus, acute gastric dilatation, intestinal obstructions. 

e. Short-circuiting of the secretions to the outside as occurs in biliary, 
pancreatic, and intestinal fistulas. 

d. Abnormal hyperactivity of the bowel as occurs in the diarrheas. 


Table I 


Changes in Gastric Juice and Serum Electrolytes During Digestion and 

Pyloric Obstruction* 


Total Bnso 

Cl 

m TijBi ij 


M-Eq 

M-Eq 


Gastric juice — fasting 

05 

155 

- 

Gastric juice during secretion 

38 

150 

- 

Serum electrolytes — normal dog 

1(30 

112 

28 

Serum electrolytes oi same animal 

0(3 hours after pyloric obstruction 

338 

-10 

38 


•Modified from data of Gamble and Mclver 30 and Gamble and Ross." 


Because of differences in chemical composition, the loss of the digestive 
secretions proximal to the pylorus will produce body disturbances dif- 
fering from those occasioned by the loss of digestive secretions secreted 
distal to the pylorus. The following considerations, bearing upon the 
continued loss of gastric juice, are of importance in considering the 


athologic physiology of pyloric and high intestinal obstruction, gastric 
nd duodenal fistulas, acute gastric dilatation, and vomiting. 

The intimate relationship of the secretion of the gastric juice to the 
erum electrolytes is evidenced even during normal digestion. At such 
imes the gastric juice contains less base than fasting gastric juice 
Table I) The variation in acidity is caused by the retention of base 
eithin the blood during secretion of the juice so that blood leaving the 
. is richer in base than blood coming to the stomach.-’ 3 The 

° base is excreted in the urine and accounts for the alkaline tide 
. ' . nWrvc d in individuals with achlorhydria. 3 * Under normal 

vlnchisnotobscmcd n neutralized distal to the pylorus 

reabsorbed to ,™,„,e ,i,s„e tee,. If 
md the fluid an * , secreted gastric juice to the ah sorptive 

now the transportation ^ eefe d from the proximal portion of 

area is arrested or if the JW* 
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In obstructions of the small intestine and in ileus, vomiting is usually 
a conspicuous feature and the loss of acid gastric juice may not only 
balance the bicarbonate losses of the other juices but may surpass them 
to produce the blood electrolyte pattern found in high intestine obstruc- 
tion. The site of the obstruction, the extent to which absorption is im- 
paired, and the nutritive state of the patient are uncontrolled factors 
which make prediction of the electrolyte pattern hazardous. If, how- 
ever, the obstruction is distal to the absorptive area (at the level of the 
sigmoid colon), there may be little interference with the absorption of 
the digestive secretions and orally administered fluids. 40 

Thus, disturbances of the gastrointestinal tract may lead to serious 
depletion of body fluid and electrolytes. When glucose solutions are 
administered, they provide water for vaporization and adequate urine 
output and carbohydrate to relieve ketosis and spare body protein; but 
when the sugar is utilized the water cannot be retained to replenish the 
depleted body stores because there is no salt to render it isotonic. From 
the standpoint of the body fluids and electrolytes, glucose solutions are 
useless for they neither replenish the body fluid nor the body electrolytes. 
For this purpose, saline solutions are indispensable. When the organism 
is well supplied with salt and water, the kidney exhibits a remarkable 
capacity to correct the electrolyte pattern. Excessive bicarbonate and 
diminished chlorides are cared for by retention of NaCl and excretion 
of NaHC0 3 in the urine; when base and bicarbonate are diminished and 
chlorides excessive, the NaHC0 3 is retained and the NaCl is excreted 
in the urine. The administration of additional bicarbonate in cases of 
chloride acidosis may be of some value. 

While the normal obligatory water loss from the intestine is so small 
as to be negligible, in pathologic conditions associated with disturbances 
in fluid absorption, it may amount to several liters a day and constitute 
an important route of water and salt loss. 


The Quantity and Quality of Fluids to Be Administered . — The quan- 
tity of fluid required by a normal individual is that amount which will 
supply the needs of vaporization and urine formation. It makes no 
difference to the body whether this amount of fluid is taken by mouth 
or is slowly administered parcnterally in isotonic solution. The amount 
required per day is about 3,500 c.c. (vide infra). We are indebted 
to Collcr and Haddock for a splendid solution of the problem of hydra- 
tion requirements of patients with disorders of fluid balance. They 
found that the requirement of water for vaporization (for the regulation 
of body temperature) is about 1,000 to 1,500 c.c. in most patients, but 
un er certain conditions (profuse sweating, hyperthyroidism)’ the 
amoun needed may he as much as 2,500 c.c.=' 0 On the average 2 000 
c. . is a equate for the vaporization needs of almost all patients.’ 
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Gamble and his coworkers 30 - 32 have shown that the total electrolyte 
concentration per unit of water in all the gastrointestinal secretions 
very closely approaches that in the blood serum. In Table II it may 
be seen that while the concentration of total base in the intestinal secre- 
tions below the pylorus very closely approaches that in serum, the 
pancreatic juice, hepatic bile, ileum and colon secretions contain in- 
creasing quantities of base combined with bicarbonate and decreasing 
amounts combined with chloride . 33 In general, the loss of the digestive 
juices of the small intestine and colon will entail the loss to the body 
of isotonic fluid containing total base and acid radicals made up pre- 
dominantly of bicarbonate and to a lesser extent of chloride. Conse- 
quently imbalance of serum electrolytes occurs in which bicarbonate is 
depleted and chlorides may be normal or increased in concentration. 


The above facts are of significance in interpreting the effects of the 
loss of these secretions in severe diarrheas and low intestinal fistulas. 
It has long been known that severe diarrheas (cholera, bacillary dysen- 
tery, amebic dysentery, diarrheas of infancy) may be the cause of 
serious dehydration. Fluids and electrolytes are hurried past the ab- 
sorptive area so rapidly that absorption is at a minimum. The output 
of total base may greatly exceed the intake . 34 In low intestinal fistulas 
where fluid is short-circuited to the outside, the events are less acute 
but similar in direction. 

While there is some controversy as to the incidence of hyperchlore- 
mia , 35 ’ 38 it is agreed that dehydration, electrolyte depiction, and deple- 
tion of bicarbonate do occur. In addition, starvation ketosis and nitro- 


gen retention may be present. 

Saline solutions should be administered parcntcrally to replace body 
fluid and electrolytes and glucose solutions are needed for relieving 
ketosis and dehydration. Hartmann 37 believes that bicarbonate should 
also be given, for he found that saline and glucose alone do not restore 
bicarbonate to normal and may even exaggerate the chloride excess. 
Hoag and Harpies, 35 - 30 on the other hand, find that if enough fluid is 
niven to maintain adequate urinary output, thcic exists noithci a need 
nor an indication for administering bicarbonate. Peters and van Slyke 30 
sum' up the matter by stating that “although bicarbonate may be of 
value in expediting the restoration of the normal electrolyte pattern by 
fi llin e a specific deficiency, it seems to be less important than the estab- 
lishment of normal kidney function by adequate supplies of water and 
1 i ■Ricsrbomte can be produced in the body .... cl.lor.de deficiency 
rS men hv admiration ot cl.lo. Wo.” They the «• 

“”i° •„ „ possible mechanism whereby the body restore, depleted 

bicarbonate from administered saltne: 


(NHJHCO, + NaCI — 
formed in 
kidney 


NH.C1 + 
excreted 
in urine 


XnHCO, 
retained 
in Iiodv 
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rapidly and completely eliminated and that its elimination is associated 
with the loss of only a small amount of electrolytes. Thus, glucose solu- 
tions make ideal hydrating solutions, for they are not retained and they 
wash out negligible quantities of body salt. 

An equal amount of isotonic salt solution given to normal individuals 
is only gradually eliminated “presumably because it causes minimal 
alteration of the composition of the serum.” 49 Baird and Haldane 48 
found that even healthy normal individuals will develop) edema after 
the continued daily administration of 35 to 40 gm. of sodium chloride 
per day (an amount contained in about 3,500 c.c. isotonic saline). This 
finding alone should be sufficient to indict the common hospital practice 
of administering several liters of isotonic saline for several d ays to 
patients who have not lost salt but who merely require water to meet 
their hydration needs. 

The more rapid retention of salt and water by sick patients constitutes 
a difference from healthy patients of degree rather than kind. Some- 
what similar retention has been noted in pneumonia," 12 tuberculosis, 4 " 
and other conditions. 44 While impaired cardiac and renal function 
and low plasma proteins predispose to fluid and salt retention, these 
factors apparently played no role in the scries observed by Oollcr, Dick, 
and Maddoek. 18 The incidence and dangers of edema of the paren- 
hymatous and subcutaneous tissues following prolonged intravenous 
sahne therapy have been noted by others."" 5 - 47 

In view of the fact that electrolytes are not needed to satisfy the 
kvdration requirements of this group of patients and may even produce 
edema in some, 3,500 c.c. of 5 per cent glucose may be used to advantage, 
I°r it supplies about 175 gm. carbohydrate to combat ketosis and spare 
h°dy protein, and the water is ample for the needs of the skin and 
kidney. The continued administration of 5 per cent glucose is not 
associated with appreciable electrolyte loss, for Gamble, Ross, and Tis- 
a b <8 have shown that in starvation, but without water deprivation, 
about 0.2 gm. sodium chloride is lost in the urine per day. 

Group 2— In this group are included those patients who arc not. 
dehydrated hut who require parenteral fluids not only for normal hydra- 
tion requirements but also to keep pace with abnormal fluid losses. 
Abnormal fluid losses include losses from the skin (excessive sweating;, 
gastrointestinal tract (fistulas, vomiting, diarrhea, etc.) and the kidney 
(obligatory polyurias). The renal losses will not be discussed in this 
Paper. 


The skin losses due to excessive sweating require that some salt he 
replaced. Sweat is a hypotonic solution 2 " containing about 0.2 per cent 
s odium chloride As hLs been noted above, the salt left behind during 
sweating is excreted by the kidneys so that the end-result is the loss 
°f a liter of isotonic saline for ever v liter of sweat. The Io-.se.-> from 
th e gastrointestinal tract occasion the loss of fluids approximately iso- 
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TIig amount needed for urine formation (1,500 c.c.) was calculated 
from data supplied by Lashmet and Newburgh. 12 The latter found 
that with minimal concentrating power the kidney requires about 1,500 
c.c. of water to eliminate the average amount of waste products (about 
35 gm.). Although the normal kidney can eliminate this much waste 
in about one-third this volume of water, an allowance of 1,500 c.c. will 
cover all ranges of renal function. Thus 3,500 c.c. of water are needed 
per day to ensure hydration in patients who are not dehydrated and 
have no abnormal losses (vomiting, diarrhea, fistulas, etc.). 

The quality of the fluid to be administered parenterally to supply the 
water needs of the body has been the subject of considerable study. Un- 
successful fluid therapy prevails when patients are not analyzed with 
reference to their hydration needs and there is a failure to appreciate 
the disturbed physiology. Two types of isotonic solutions are in common 
use : 


1. Sugar solutions 

2. Salt solutions 


5 per cent glucose in water 

a. 0.9 per cent sodium chloride 

b. Ringer’s solution • 


Both types have their indications and limitations determined by the 
existing needs of the patient. The needs of patients are readily recog- 
nized if patients are classified as follows : 

Group 1 . — This group includes those patients who require water only 
to meet the requirements of water for vaporization and water for urine 
formation. Coller, Dick, and Haddock 18 studied the effects of adminis- 
tration of both types of solutions to such a group “who had not lost 
appreciable amounts of sodium chloride but, because of their disease or 
because of treatment, could not or were not permitted to take sufficient 
fluids by mouth to maintain a normal water exchange.” None of the 
patients were dehydrated; there were no abnormal losses; and most of 
them had little or no disturbance of the blood electrolyte pattern. The 
amount of each solution given was about 3,500 c.c. per day— 2,000 c.c. 
for vaporization and 1,500 c.c. for urine formation. When 5 per cent 
glucose alone was given, all the patients lost weight because the calorie 
intake was below the requirement. When salt solutions were given for 
several days the healthy patients did not retain salt and water but the 
• k Da ti e nts did show evidence of water retention (by increase in body 
. { n en t0 the point of frank edema. Since these patients were not 
dehydrated the retained water was not needed by the organism. 

These results invite further consideration. When glucose solutions 
, . . * tbe carbohydrate is metabolized and the walcr is ncccs- 

„cadm.n.stocd ^ rcnder „ 

sarily excreted ' k rtld;i boliced, the ndministrntion of ulneoso 

Because the carbo 3 adm5n j s tration of water to the organism, 

solutions really me. administered to normal individuals is 

Strauss" has shown that water 
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toilic with the blood serum. They should be accurately measured and 
replaced liter for liter by the parenteral administration of isotonic 
saline. Glucose solutions are useless for these purposes, for while they 
supply water for vaporization and urine formation, they do not relieve 
the underlying defect — a need for electrolytes and retained fluid to re- 
store the body water and electrolytes and the electrolyte pattern. The 
mechanism by which this is accomplished has been discussed in a pre- 
ceding section of this paper. Patients in Group 2 will require not only 
3,500 c.c. 5 per cent glucose to maintain hydration but also should have 
their losses due to prerenal deviation of fluids made good by an equiva- 
lent amount of saline. 

Group 3 . — This group includes all patients who are dehydrated. In 
an investigation of the amount of fluid which must be lost from the 
normal body to produce the syndrome of dehydration, Haddock and 
Coller 11 found that dehydration symptoms, including scanty urine of 
high concentration and beginning nitrogen retention, appear when ap- 
proximately 6 per cent of the body weight has been lost. On this basis, 
they calculate that a dehydrated patient weighing sixty kilograms re- 
quires 3,600 c.c. of fluid to rehvdrate his body tissues. Fluid depriva- 
tion to the point of dehydration from any cause is always associated 
with salt loss. The quota necessary to rehydrate the patient should be 
supplied by isotonic saline. Thus, in the first twenty-four hours, the 
above patient will require 3,600 c.c. isotonic saline for rehydration and 
3,500 c.c. 5 per cent glucose to maintain hydration (as in Group 1); 
if there are abnormal losses, additional saline may be required (as in 
Group 2). 
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REPORT OP THE MEETING OF THE AMERICAN ASSOCIATION 
FOR CANCER RESEARCH, CHICAGO, ILL., MARCH 24, 1937 

E. T. Bell, M.D., Minneapolis, Minn. 

(From the Department of Pathology, the University of Minnesota) 

1, Dr. Wm, H. Woglom. In his presidential address, Dr. Woglom discussed the 
mechanism of immunity to a transplanted sarcoma in rats. In rats which recover 
from a transplanted tumor, the growth increases until about the tenth day, after 
which it gradual^- recedes. In such animals, he obtained an immune body from 
the spleen which inhibited the growth of the tumor when incubated with it for 
some time. He demonstrated that a -water-soluble, immune body was found in 
the spleen. 

2, Dr. E. T. Bell and Dr. T. P. Eothnem. Two brothers, aged sixteen and 
thirteen years, developed extensive squamous cell carcinoma of the lower lip on 
the basis of xeroderma pigmentosum. The skin of the face, neck, and hands 
showed a mild degree of the disease. The tumors of the lip were apparently 
completely cured by x-ray treatment. 

3, Dr. Edgar H. Norris. A large benign thymoma was found in a case of 
myasthenia gravis. The thymoma was interpreted as a localized hyperplasia of 
the thymus. 

4, Dr. Arthur H. Wells. A classic case of pheochromocytoma of the adrenal was 
reported. The classic picture of paroxysmal hypertension was present. The tumor 
was found at postmortem. The literature contains nine reports in which paroxys- 
mal hypertension was cured by removal of a benign pheochromocytoma of the 
adrenal. 

’ 5, Dr. John J. Bittner. Dr. Bittner reported a highly interesting study on the 
spontaneous carcinoma of the breast in mice. It had already been shown that 
mating of a female from a high cancer strain with a male of a low cancer strain 
gave a high incidence of carcinoma of the breast in the offspring, while mating 
of a high cancer strain male -with a low cancer strain female gave a low incidence 
of carcinoma of the breast. The incidence of carcinoma of the breast in the 
adult breeding females of the high cancer strain was about 83 per cent. When 
the young of the high cancer strain are transferred immediately after birth and 
arc nursed by a foster mother of a low cancer strain, the incidence of spontaneous 
carcinoma of the breast in these mice was markedly reduced. This low cancer 
incidence had persisted for seven generations. The author suggested that the 
stimulus to cancer was transmitted by the milk. 

C, Dr. Albert E. Casey. Dr. Casey studied various malignant diseases of the 
lymphatic system and concluded that the length of life was inversely propor- 
tional to the percentage of mitoses found in microscopic sections. He estimated 
the perc entage of mitoses by counting 1,000 nuclei. 
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AMERICAN ASSOCIATION OF PATHOLOGISTS AND 
BACTERIOLOGISTS, CHICAGO, ILL., MARCH 25 TO 26, 1937 

E. T. Bell, M.D., Minneapolis, Minn. 

(From the Department of Pathology, the University of Minnesota) 

1, Dr. John Howe. Dr. Howe found marked variations in the reaction to 
tuberculin from time to time in the same individual. He thought that the more 
intense reactions occur with the lower levels of diastolic blood pressure. 

2, Dr. Max B. Lurie. Dr. Lurie found that in experimental inflammation in 
a tuberculous animal the exudate consists largely of mononuclear cells, even 
though the reaction of the exudate was alkaline. Menkin had noted previously 
that in the early phases of inflammation the reaction is alkaline and the exudate 
consists largely of polymorphonuclear leucocytes, but later the reaction became 
acid and the polymorphonuclears were replaced by mononuclears. Lurie found 
that this did not occur in the tuberculous animals. 

3, Dr. C. E. Woodruff and Dr. H. S. Willis. Guinea pigs were inoculated with 
virulent tubercle bacilli, after which they became allergic. One group was de- 
sensitized with tuberculin. They found that the desensitized animals did not 
live as long as the allergic controls. 

i, Dr. Albert B. Sabin and Dr. Peter K. Olitsky. The authors studied the 
route of extension of stomatitis virus and the virus of equine encephalomyelitis. 
Mice were inoculated in various parts of the body and the route of extension to 
the central nervous system was determined. When inoculated intranasally, the 
virus goes through the olfactory nerves to the brain and follows the olfactory 
pathways in the cortex. After intraocular inoculation, it travels to the opposite 
colliculus. The route of the virus in the brain is so definite that it affords a 
means of identifying intracranial nerve tracts. After intramuscular inoculation, 
the stomatitis virus goes by the peripheral nerves to the central nervous system. 
The virus of equine encephalomyelitis passes from any intramuscular site by 
the blood stream to the mucosa of the nose and thence by the olfactory paths to 
the brain. Application of tannic acid to the nasal mucosa prevents the develop- 
ment of equine encephalomyelitis after an intramuscular inoculation. Apparently 
the viruses spread along the axones of the nerve fibers. 

5, Dr. Cornelius S. Hagerty. Dr. Hagerty produced embolic glomerular lesions 
by intravenous injections of fats and salts. In one typo of lesion there was an 
endothelial proliferation and in another there was formation of collagen in the 
glomerulus. The author thought that the collagen was derived from fibrocytes 
which wore present in the glomerulus. 

C, Dr. Benjamin Castleman and Dr. Tracy B. Mallory. The authors reported 
ten new examples of adenoma of the parathyroid glands and two cases of diffuse 
hyperplasia. In the case of adenoma, a single gland is involved. These may be 
cured by removing the adenoma. Diffuse hyperplasias involve all of the para- 
thyroid bodies and are secondary to some metabolic disturbances. Removal of 
such parathyroids does not bring about a cure of the hyperparathyroidism. In 
uremia, they found parathyroid hyperplasia of the diffuse type. This was at- 
tributed to the decrease of blood calcium, which in turn is caused by the reten- 
tion of p hosphates by the insufficient kidneys. 
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7, Dr. Austin M. Braes ;uid Dr. Elizabeth B. Jackson. It was shown tlmt 
colchicino applied to growing tissues increases the number of visible mitotic 
figures by preventing the formation of the spindle. The chromosomes become 
scattered through the cell and cell division does not occur. This causes an in- 
crease of the number of cells seen in mitoses at any one time. 

8, Dr. William S. Murray. Dr. Murray studied the effects of parabiosis in 
mice of a strain which had a very high incidence of spontaneous carcinoma of 
the breast. Parabiotic pairs were inado by anastomosing male and female mice 
at tlio ago of ono month. There was good intermingling of tho circulation. 
Thoro was a very high mortality up until a period of three months, after which 
they became adjusted, and a number were observed for one year or more. He 
notod that the females go through an almost constant estrus. Thero is a very 
marked hypertrophy of the ovarian follicles, but after a few months the follicles 
begin to degenerate. Tho testes were inhibited only slightly in their development. 
No corpora lutea were found. The female breast did not develop. No enses of 
cancer of the breast occurred. Apparently- the malo hormone suppresses tho 
action of the female hormone. 

9, Dr. C. C. Little. Dr. Little discussed the genesis of structural abnormalities 
in a black strain of mice. He noted that some abnormalities follow a simple 
mendelian inheritance and that others follow a mendelian inheritance with some 
variation. The third group is inherited irregularly, and in the fourth group there 
is little or no genetic influence and the abnormality is interpreted as a somatic 
variation. The cancers, in general, follow mendelian inheritance with some 
variations. A large number of abnormalities appear sporadically in a supposedly 
genetically homogeneous strain. He believes that these rare abnormalities are 
not determined by genes. 

10, Dr. Maud Slye. Dr. Slye gave the results of many years of study on tho 
inheritance of cancer in mice. She believes that tho development of cancer is 
determined by a unit recessive factor. One factor determines the type of cancer 
and tho other factor determines its location. In a very large amount of material 
she found that the actual incidence of cancer corresponded rather closely to tho 
predicted incidence. 
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15, Dr. W. C. Hueper and Dr. H. D. Wolfe. Dr. Hueper produced aniline tumors 
in the bladders of dogs. Some of the papillomas developed into carcinomas. The 
chemicals were given by mouth. 

16, Dr. Balduin Lucke Dr. Lucke has seen 500 examples of carcinoma in the 
frog’s kidneys. The tumor always develops in the kidney and is structurally 
an adenocarcinoma. It shows large cell inclusions in the nuclei. Some of the 
tumors produce metastases. The tumor grows easily in vitro and the tumor cells 
outgrow the fibroblasts. No cell inclusions were seen in the cells of the cultures. 
Transplants do not seem to survive well except in the kidney, in which organ it is 
readily transplantable. This tumor occurs in frogs in the region of Chicago as 
well as in New England. 

17, Dr. Caspar G-. Burn, Dr. Aline U. Orten, and Dr. Arthur H. Smith. Dr. 
Burn and hi sassociates maintained rats for a long time on a diet markedly 
deficient in vitamin A. They developed xerophthalmia and cornification of the 
vagina. A massive enlargement of the jaws was obtained, which was due to the 
formation of large odontomas. It appeared that these growths were not neoplasms 
in the strict sense, but an irregular growth of the teeth. 

18, Dr. Robert A. Moore and Dr. Robert H. Melchionna. Dr. Moore injected 
the prostate of animals with 5 per cent benzopyrene in lard. After four or five 
months large prostatic cancers developed. The cancers were for the most part 
squamous cell carcinomas, but a few sarcomas were obtained. Seventy per cent 
of the growths appeared after one hundred fifty days. Castration had no effect. 
The lard alone gives only a foreign body reaction. The squamous cells arise by 
metaplasia of the glandular epithelium. He thinks that the sarcomas arise from 
the muscle. 

19, Dr. Carl V. Weller. Dr. Weller gave a general survey of the influence of 
heredity in the genesis of tumors. He showed that in a few types of tumors, 
notably retinoblastomas, the hereditary intrinsic factor is of great importance. 
The behavior of this particular tumor suggests that it is determined largely by 
intrinsic factors and that extrinsic factors are of little importance. He concluded 
that cancer depends for its development on both intrinsic and extrinsic factors 
and that the importance of these two influences varies in different types of tumors. 

SO, Dr. S. Burt Wolbach. Dr. Wolbach reported a detailed study of the his- 
togenesis of experimental tar tumors. He illustrated the various stages in the 
development of the carcinomas from a stage of simple chronic inflammation to a 
definite carcinoma. 

21, Dr. Peyton Kous. Dr. Rous gave a survey of the relation of filterable 
agents to the formation of tumors. His most interesting experiment was obtained 
as follows: The ears of a rabbit were tarred for about three months. This does 
not produce a neoplasm. In order to obtain carcinoma of the rabbit’s ear, the 
tarring must be continued for a very long time. However, when the ears were 
tarred for about three months and the rabbit was then given an intravenous 
injection of the Shoppe papilloma virus, extensive squamous cell carcinoma de- 
veloped in both ears. This ■ experiment shows that the virus attacks cells which 
have been injured by tar and quickly leads to the formation of carcinoma. 

22, Dr. Leo Loeb. Dr. Loeb gave an excellent survey of the relation of the 
sex hormones to tumors. Loeb did the pioneer investigations in this field and 
he surveyed the various lines of work which have been followed in recent years. 
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7, Dr. H. Edward. MacMahon. Dr. MacMahon demonstrated numerous mitoses 
in the cardiac muscle fibers of children under the age of two years. He offered 
evidence that there may be an increase in the number of cardiac muscle fibers 
after birth. The general impression of pathologists has been that the cardiac 
muscle fibers do not increase in number in postnatal life. 

8, Dr. Alexander Ncdzel. Dr. Nedzel produced lesions of the heart valves in 
dogs by injections of pitressin. In one group of animals, he used pitressin only 
and obtained an increase of cells and libers in the heart valves. When bacteria 
(staphylococci or streptococci) were introduced intravenously in animals which 
had been injected with pitressin, lie found that the organisms invaded the leaflets 
from their surfaces. The common opinion is that bacteria invade the valves 
from within, but Nedzel shows that the invasion apparently tabes place from 
the surface. He was able to obtain a definite fibrosis of the valves and the pro- 
liferative type of inflammation from the use of pitressin alone. 


9, Dr. Sidney Earlier. Dr. Earlier cut the vagus nerves in guinea pigs and 
rabbits. In both instances, the animals died of pulmonary edema, the guinea 
pigs in four or five hours, the rabbits in eight to thirty hours. A severe dyspnea 
develops and tlio nlveoli fill with fluid. There is intense congestion of the veins 
and capillaries in the. lungs and a variable amount of bronchopneumonia. The 
effect is something like a bulbar paralysis. He was able to exclude the larynx 
as a causative factor in the edema, since with artificial respiration through a 
tracheal cannula, the same pathologic picture developed. He believes that the 
most important factor in the edema is loss of vasomotor control. 

10 Dr. Valy Menkin. Dr. Menkin reported further studies of the substance 
which ho' has isolated from areas of acute inflammation. This substance may be 
crystallized out. It is dializable and heat stable. He thinks it may be a polypep 
tid.' When this substance is injected into normal areas of skin, it provokes in- 
creased capillary permeability. 


11 Dr Milton C. Winternitz, Dr. E. M. Thomas, and Dr. P. M. LeCompte. 
Dr Winternitz reported an excellent study of the vasa vasorum. He showed 
numerous illustrations of the manner in which the blood vessels in the wall of an 
arterv are distributed to its various layers. Evidence was offered which suggests 
iliat arteriosclerosis may be related to disturbances in the vascularity of the 
wall of the artery itself. 


,, Dr Graham Boss, Dr. Theodore E. Waugh, and Dr. H. Tait Malloy. The 

“ J or, n symposium on cancer was hold by the Association 

On the morning of Jlarcn - 
of Pathologists and Bacteriologists. 

j Vorwatd and Dr. John W. Karr. In a study of pneumoconiosis, 
IS, Dr. Arthur ■ ; s . no increased incidence in carcinoma of the lung 

the authors decide j ^ pneumoconiosis. The carcinonms of the lung 

in association wit > < ul > ■ develop on a basis of pneumoconiosis due to n 

that occur in the Sclmeeberg nunc . 

radioactive dust. reported his studies on the carcinogenic activity 

14, Dr. M. J- Shear. Dr- o.^nzanthraccne. He found that both cl.olnntl.rene 
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parathyroids, and thymus. Other sections deal with evidence for considering the 
pars intermedia, pars tuberalis, and pars neuralis of the posterior lobe as true 
internal secretory structures. The melanophore-expanding substance of the pars 
intermedia can be extracted from the mammalian as well as from the amphibian 
pituitary, but the suggested role of such a “pigment hormone” in connection with 
the visual function in mammals has not as yet 'been established. Regarding the 
posterior lobe in mammals, the author concludes that, 1 ‘ extirpation experiments offer 
little support for the belief that the pars neuralis is physiologically important.” 
Nevertheless, it is recognized that the two active substances which can be extracted 
from it; namely, the oxytocic and the pressor or diuretic-antidiuretic principles, 
exert striking pharmacologic effects and so may serve emergency functions in the 
intact animal. 

A unique and helpful feature of the book is an appendix which gives a classified 
list of the scientific and commercial names of all of the known hormones and 
hormone preparations. The known structural formulas of the hormones are also 
•given. 

Of the more than five thousand papers reviewed by the author, three thousand 
are listed alphabetically in the bibliography under their complete titles. This con- 
stitutes one of the most valuable features of the monograph. 


Operative Surgery. By J. Shelton Horsley and Isaac A. Bigger. Two vols. Ed. 4. 

Pp. 1,387, with 1,259 illustrations. St. Eouis, 1937, The C. V. Mosby Co. $10. 

Dr. Horsley, in revising material for the fourth edition of this text, was aware 
°f the numerous difficulties besetting a single author in attempting to cover the 
entire scope of operative surgery adequately. He accordingly associated as co- 
authors surgeons of unquestionable repute who were not only trained in general 
surgery, but who had also devoted their efforts to various specialties. The co- 
authorship was allocated to Dr. Bigger, and the contributing authors were selected 
by these two men. 


The fourth edition appears for the first time in two volumes, necessitated by 
the addition of new concepts of surgery and the inclusion of new material. 
The plan of the book duplicates that of its predecessors. All operative pro- 
cedures presented are based upon established anatomic and physiologic principles, 
stressing that the aim of the surgeon should not be confined to meticulous and beauti- 
ful dissections of anatomic landmarks alone, but should also be directed toward the 
establishment of normally- functioning organs postoperatively, as well as adequate 
removal of the pathology. 


The indications, contraindications, advantages, and disadvantages for the 
various technical procedures are carefully outlined, followed by a discussion of 
the types of operations which, used by the authors, have produced the best results. 


In cases in which they believe that two or more procedures are adequate, they are 
likewise presented, the choice then being for the reader to decide as best suits his 
individual case. It is not a text of theoretic procedures, unproved and unaccepted 
but instead a presentation of those procedures which the authors themselves per- 
formed and accepted as best for the restoration of the patient to a normal existence. 

Each specialty of surgery is covered, and the newer procedures, such as those in 
the sy mpathehc nervous system and chest, are included. The reader mav not anree 
methods could 0 T tCCl ‘ niciue in EOmc Stances, and may believe that certain described 

wherein the Linde ^ ^ Es P cc!all >' is tllis tru0 in thc c,1!l ptcr on transfusion. 
Linden,. inn method is emphasized and simpler methods omitted. 
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The Physiology and Pharmacology of the Pituitary Body. By H. B. Van Dyke. 
Cloth. Pp. 577, with 55 illustrations. Chicago, 1036, The University of Chicago 
Press. $4.50. 


Under the above title, the author, an active investigator in the field of pituitary 
physiology and pharmacology, has presented the most admirable monograph on the 
subject that has yet come to the reviewer’s attention. Because of its completeness 
and up-to-dateness, the volume should be invaluable to clinicians as well ns to teachers 
and research workers who are interested in the complex problems involving this 
important gland. In spite of the enormity of the task of sifting the essential data 
from several thousand original papers, the author has presented a comprehensive 
and critical resume of the literature with amazing brevity and clearness. 'Well- 
established facts are catalogued in their proper sequence without unnecessary repeti- 
tion. Controversial or incomplete data are presented fairly and in such a manner 
as to stimulate further investigation. The printing and illustrations are in keeping 
with the high quality of the text. 

Because of the multiplicity of functions attributed to the pituitary body and the 
many interrelationships between it and other glands of internal secretion, a mono- 
graph on this subject must necessarily deal to some extent with the physiology and 
functional pathology of most of the other units of the endocrine system. There- 
fore the general field of metabolism and such specialized but closely related fields 
as the physiology of reproduction are discussed with reference to their direct or 
indirect relationship to the pituitary. Clinical data are included, in so far as they 
contribute to the elucidation of the underlying pituitary physiology. 

The first chapter of the book appropriately deals with tl.c anatomy of the gland 
from the points of view of its embryology and comparative anatomy. Under this 
chanter such important features as the blood supply, lymph drainage, and nerve 
sunnlv are detailed along with adequate descriptions of the histology of the pars 
rdandularis, pars intermedia, pars tuberalis, and pars neuralis. The physiologic 
g . affected bv such factors as pregnancy, castration, and hibernation, is 

anatom. , probable sources of the known hormones from specific cells 
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The bibliographies at the end of each chapter are short and well chosen, but in 
many references the page numbers are lacking. The illustrations, most of which are 
original and made especially for this book, are beautifully done. They are delicate 
and successful, combining a realistic quality with the diagrammatic. 

As a reference book it is lacking in that only certain chosen surgical procedures 
are listed, and numerous others are omitted. 

The book is best described as a monograph presenting the authors’ choice and 
reasons for their personal selections. 


Books Received 


The receipt of books is acknowledged in this section and this statement must 
be regarded as sufficient acknowledgment of the courtesy of the sender. Selec- 
tions will be made for more extensive review dictated by the interests of our 
readers and as space permits. 

INHALATION ANESTHESIA : A Fundamental Guide. By Arthur E. Goedel, 
Associate Clinical Professor of Surgery (Anesthesia), University of Southern Cal- 
ifornia. Macmillan Surgical Monographs, Elliott C. Cutler, editor. Cloth. Price 
$2.50. Pp. 172. New York, 1907, The Macmillan Company. 


PREOPERATIVE AND POSTOPERATIVE TREATMENT. By Robert L. 
Mason, Assistant in Surgery at the Massachusetts General Hospital. Cloth. Price 
$6 00. ' Pp. 495, with 123 illustrations. Philadelphia, 1937, W. B. Saunders Company. 


ANLEITUNG ZUR SCHMERZBETaUBUNG, ICurzes Lehrlnich dor Lokalan- 
iisthesie, Allgemeinnarkose und sonstiger Anwendung dor Botiiubungsvorfahren. Bv 
Fritz f' Hiirtel, Director of the Division of Surgery of Oskar-Zicthcn-Krnnkenlmuses 
Beriin-Lichtenberg; unter Mitwirkung von Dr. Horst .Tencio. Pamphlet, price 10 M.; 
Bound, price, 11.50 M. Pp- 17 illustrations. Dresden, 193(1, Theodor 

Steinkopff. 


rmmSTIAN R. HOLMES: MAN AND PHYSICIAN. By Martin Fischer, 
S of Cincinnati. Cloth. Price $4. Springfield, Ilk, 1937, Charles C. 

mmas, Publisher. 

. Mnnrwx MANUAL. By Anthony M. Sindoni; introduction 
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